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A drug of choice for long term oral treatment of 


hypertension... found effective in 81% of patients 


Lower blood pressure has been obtained 
in 81°7 of moderate and severe hyperten- 
sives treated with hexamethonium chloride 
(available as Methium) under general- 
practice conditions.’ In 60°7 of these pa- 
tients lower pressures continued for 4 to 


16 months of the study. 


Also, as pressure is reduced, improvement 
is almost universally seen in eye and heart 
symptoms, headache, vertigo, dyspnea, 
etc.’ In some cases even where pressure 
fails to respond, symptoms may nonethe- 


less abate.47 


Methium, a potent autonomic ganglionic 
blocking agent, reduces blood pressure by 


2 


interrupting nerve impulses responsible 
for vasoconstriction. Because of its potency, 
careful use is required. Pre-treatment 
patient-evaluation should be thorough. 
Special care is needed in impaired renal 
function, coronary artery disease and exist- 
ing or threatened cerebral vascular acci- 
dents. A booklet of complete instructions 
for prescribing is available and should be 
consulted prior to initiating therapy. 
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Dramatic results 


with 


MoCortone? 


(HYDROCORTISONE, MERCK) 


in Bursitis 





Tablets of HYDROCORTONE atlord rapid, even spec- 
tacular relief in most cases of bursitis. Oral therapy 


is effective, convenient, and well tolerated. 


In acute bursitis, Saline Suspension of HYDROCORTONE 
Acetate, injected directly into the bursa, is of great 
value. Relief of pain and increased mobility have 
occurred within a few hours in many patients treated 


with economical low doses. 





Hyprocortone ts the registered MERCK &€& CO... INC. 
[ P 

trade-mark of Merck & Co., Inc. | { Manufacturing Chemists 

for its brand of hydrocortisone. = RAHWAY, NEW JERSEY 
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Conclusive evidence 
of the effectiveness and low toxicity 
of Furadantin 
in treating bacterial urinary tract infections 
is provided in its recent 


acceptance by the Council 


<_, > 


+ FURADANTIN -- 


brand of nitrofurantoin 





Nitrofurantoin.—Furadantin (Eaton) .— 

Actions and Uses.—Nitrofurantoin, a nitrofuran derivative, 
exhibits a wide spectrum of antibacterial activity against both 
gram-positive and gram-negative micro-organisms. It is bac- 
teriostatic and may be bactericidal to the majority of strains of 
Escherichia coli, Micrococcus (Staphylococcus ) pyogenes albus 
and aureus, Streptococcus pyogenes, Aerobacter aerogenes, and 
Paracolobactrum species. The drug is less effective against 
Proteus vulgaris, Pseudomonas aeruginosa, Alcaligenes taecalis, 
™ — and Corynebacterium species; many strains of these organisms 
The F .N.R. may be resistant to it. However, bacterial resistance to other 
anti-infective agents is not usually accompanied by increase in 
resistance of the organisms to nitrofurantoin. The drug does 


monograph not inhibit fungi or viruses. 


= ‘ Nitrofurantoin is useful by oral administration for the treat- 
on I uradantin ment of bacterial infections of the urinary tract and is indicated 
in pyelonephritis, pyelitis, and cystitis caused by bacteria sensi- 
oo a tive to the drug. It is not intended to replace surgery when 
states: mechanical obstruction or stasis is present. Following oral ad- 
ministration, approximately 40% is excreted unchanged in the 
urine, The remainder is apparently catabolized by various body 
tissues into inactive, brownish compounds that may tint the 
urine. Only negligible amounts of the drug are recovered from 
the feces. Urinary excretion is sufficiently rapid to require ad- 
ministration of the drug at four to six hour intervals to main- 
tain antibacterial concentration. The low oral dosage necessary 
to maintain an effective urinary concentration is not associated 
with detectable blood levels. The high solubility of nitro- 
furantoin, even in acid urine, and the low dosage required 
diminish the likelihood of crystalluria. 


Nitrofurantoin has a low toxicity. With oral administration 
it occasionally produces nausea and emesis; however, these 
reactions may be obviated by slight reduction in dosage. An 
occasional case of sensitization has been noted, consisting of a 
diffuse erythematous maculopapular eruption of the skin. This 
has been readily controlled by discontinuing administration of 
the drug. Animal studies, using large doses administered over 
a prolonged period, have revealed a decrease in the maturation 
of spermatozoa, but this effect is reversible following discon- 
tinuance of the drug. Until more is known concerning its long- 
term effects, blood cell studies should be made during therapy. 
Frequent or prolonged treatment is not advised until the drug 
has received more widespread study. It is otherwise contra- 
indicated in the presence of anuria, oliguria, or severe renal 
damage. 


Dosage.—Nitrofurantoin is administered orally in an average 
total daily dosage of 5 to 8 mg. per kilogram (2.2 to 3.6 mg. per 
pound) of body weight. One-fourth of this amount is ad- 
ministered four times daily—with each meal and with food at 
bedtime to prevent or minimize nausea. For refractory infec- 
tions such as Proteus and Pseudomonas species, total daily 
dosage may be increased to a maximum of 10 mg. per kilogram 
(4.5 mg. per pound) of body weight. If nausea is severe, 
the dosage may be reduced. Medication should be continued 
for at least three days after sterility of the urine is achieved. @ @ 











The value of 


ere | 
g B oS 
Ail ‘ iit in ulcerative colitis 


BRAND OF SALICYLAZOSULFAPYRIDINE 


becomes more and more evident. Recently Morrison! reported excellent 
results, confirming the opinion of Bargen*’ and others. In the New York 
State Journal of Medicine, 53:1543-1547, July 1, 1953, Pelner, Louis, and 


1. J. A. M. A. 151 Waldman, Samuel: in a paper dealing with adrenal cortex therapy in acute 


(1953):5, p. 366 3 i : P ; rae 
diseases of the liver, state that three of their patients with ulcerative colitis 


2. Postgraduate Med 


J. 10(1951), p. 317 showed great improvement when Azulfidine (formerly Azopyrin) was added to 


” 


the adrenal cortex therapy. “The combined treatment was singularly effective. 


Literature sent on request. 
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HISTACOUNT, BOOKKEEPING SYSTEM 
STILL CHAMP! BECAUSE... 


¢ All the financial facts of each day are complete on one 
page—Income, Collections and Disbursements. 
¢ Room for more daily entries on one page than other systems. 


| ¢ So simple to keep. No bookkeeping knowledge is required. 
1} 
asian are undated so you can start it at any time. 

. figures are self accumulating. At the year end, you have 
everything you need for easy computation of your tax re- 
turn—inteme, expenses and deductions. 

¢ The Loose Leaf system can be expanded for any size practice 
by inserting additional sheets. 


hard cover ring binder thatepens 


of distinctive colots for easy finding. 
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Recent clinical investigations 
show that protoveratrine pro- 
duces a significant decrease in 
systolic and diastolic blood pres- 
sures, With adequate dosage, 
this well-tolerated veratrum de- 
rivative can often maintain 
blood pressure near normal 
levels indefinitely, and alleviate 
such symptoms as headache, in- 
somnia, delirium, dizziness, and 
blurred vision. 

Effective dosage for the indi- 
vidual patient can usually be 
readily established with Veralba, 
which is available in both 0.2 
mg. and 0.5 mg. grooved tablets. 

Write for literature and 


“dose-establishment” package 











VERALBA 


(Brand of Protoveratrines A and B) 


CHEMICALLY STANDARDIZED 
OR OPTIMAL CONTROL OF 


DOSACG HI 


© The therapeutic range of protoveratrine is 
narrow. Hence, continued response to estab- 
lished dosage requires an accurately-stand- 


ardized dosage form. 


© Veralba is the only protoveratrine prepa- 
ration standardized by chemical assay. The 
potency of Veralba Tablets is not permitted 
from lot to lot by 


to vary more than 3%, 


plus or minus, 
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Normal peristaltic action results from activity of the muscle layers as they 
are gently distended by bulk within the intestine; mucosal irritants cause 
overactivity of the muscle layers resulting in hyperperistalsis or spasm. 


Corrective Action of Metamucil® in 
Abnormal Physiology of Constipation 


Abnormally prolonged colonic re- 
tention, whether in a spastic or an atonic 
colon, demands the greatest care to 
assure correction. 

The mucosa does not require stim- 
ulating; hence stimulating cathartics, 
‘roughage’ and other physical and 
chemical irritating measures, are today 
often considered irrational. 

On the other hand, the muscularis 
does require a stimulus to initiate peri- 
stalsis. This physiologic stimulus is the 
mechanism by which bland distention 
of the colon establishes a reflex, with 
the muscularis at the terminus of the 
reflex arc. 

Metamucil literally reeducates the 
sluggish and also the spastic colon. 
Taken with adequate amounts of water, 


Metamucil forms a smooth, hydrophilic 
colloid. As this colloidal mass passes 
through the large intestine, it exerts a 
gentle, distending pressure within the 
lumen, thus initiating the peristaltic 
reflex necessary for evacuation. 

A program of Metamucil therapy 
helps to restore proper tone to the in- 
testinal musculature, thereby establish- 
ing proper bowel habits. 

Metamucil® is the highly refined 
mucilloid of Plantago ovata (50%), a 
seed of the psyllium group, combined 
with dextrose (50%) as a dispersing 
agent. It is accepted by the Council on 
Pharmacy and Chemistry of the Ameri- 
can Medical Association. 

G. D. SEARLE & Co. 
Research in the Service of Medicine 
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Editorials 


THERAPY OF ASCITES IN PATIENTS WITH CIRRHOSIS 
OF THE LIVER 


A THE turn of the century it was generally assumed that high pressure in the 
portal system was the cause of the ascites which occurred with cirrhosis of the 
liver; the doctor hoped that development of collateral circulation would lead to dis 
appearance of the fluid, and much attention was paid to the anatomy of possible 
channels. Herrick ' tackled the problem experimentally and concluded that “the com 
munication of the arterial pressure to the portal pressure is an important factor in 
an explantion of the increased portal pressure in portal cirrhosis” and that com 
pression of the venous radicles by fibrous tissue was perhaps of less consequences 
However, even fifty years ago, those giving careful thought to the subject were not 


sure that portal obstruction was the entire answer to the problem of “cirrhotic” 


ascites. In his classical monograph, Rolleston,? for example, raised the question of 
whether poisons developing during the course of the disease might not damage the 
vessels so as to allow transudation, to some extent anticipating modern views, [le 
also thought that ascites might be due to concomitant perihepatitis or to cardiac 
failure and possibly confused true cirrhosis with constrictive pericarditis 

Many new ideas about the causation of ascites have sprung up in the last decade 
with the development of modern knowledge of colloid osmotic pressure and of elec 
trolyte and renal physiology. In 1945, for example, Hoagland and his associates 
pointed out that ascites might wax or wane without significant alteration in the 
level of serum albumin (see below). They found however that the urine of patients 
with ascites when injected into hydrated rats delayed the excretion of urine, and 
they felt that an abnormally intense antidiuretic influence played a part in the causa 
tion of ascites. The exact nature of the mechanism was not clear. Meanwhile the 
question of whether accumulation of peritoneal fluid was promoted by low plasma 
albumin again came under lively dispute. The problem was well sumarized by Patek 
and his group, * who concluded that ascites was not solely determined by the level 

1. Herrick, F. ( An Experimental Study Into the Cause of the Increased Portal Pressure 
in Portal Cirrhosis, J. Exper. Med. 9:93, 1907 

2. Rolleston, H. D.: Diseases of the Liver, Gall-Bladder, and Bile-Ducts, London, Mac 
millan & Co., Ltd., 1912, p. 243 and following 

3. Ralli, E. P.; Robson, J. S.; Clarke, D., and Hoagland, C. I Factors Influencing 
Ascites in Patients with Cirrhosis of the Liver, J. Clin. Invest. 24:316, 1945 

4. Patek, A. J., Jr.; Mankin, H.; Colcher, H.; Lowell, A., and Earle, D. P., Jr.: The 
Effects of Intravenous Injection of Concentrated Human Serum Albumin Upon Blood Plasma 
Ascites and Renal Functions in 3 Patients with Cirrhosis of the Liver, J. Clin. Invest. 27:135, 
1948, 
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of plasma colloidal osmotic pressure. They considered the participation of other 


factors such as changes in permeability of the portal vascular bed and alterations of 
salt and water metabolism. Others, however, as for example Kunkel and his asso- 
ciates,’ found serum albumin infusions useful, and in their series 14 out of 15 patients 
lost their ascites following such therapy. From 4 to 80 units of albumin were 
necessary to produce a satisfactory effect in various cases. These findings have 
apparently been confirmed by some, although variously judged by others. Goodyear ° 
and his colleagues emphasized the role of salt retention in promoting ascites in 
cirrhotic patients. They concluded from observations on the excretion of infused 
sodium chloride that there exists in cirrhotic patients with edema or ascites a specific 
impairment of the renal mechanism for the excretion of sodium. 

Others have abundantly confirmed these findings,’ although the ultimate nature 
of the disturbance has not yet been established. A recent summary is given by Eisen- 
menger.” He found that formation of ascites was arrested in most of his patients 
by a diet containing only about 17 mléq. a day of sodium. Kark * in an interesting 
paper emphasizes further the importance of diseased and abnormally permeable 
vascular endothelium in the development of ascites and believes that disappearance of 
fluid after high protein diets is due in part to the building of a healthy ‘endothelial 
protoplasmic barrier’ against leakage of serum into the peritoneum. 

It seems, then, that a number of factors may play a part in the formation of 
ascites, to wit: 

Portal hypertension 

Abnormally permeable vascular endothelium 

Antidiuretic Influences 

Inability to excrete sodium 

Low colloidal osmotic pressure of plasma 


Some of these may be interrelated, and the exact role of certain endocrine glands, 
such as the adrenal, is not yet entirely clear. It does appear, however, that not all 
of these influences are equally important in every case. As regards the matter of 
sodium excretion, for example, great differences have been found to exist. Thus, 
there are patients who fail to reaccumulate ascites or do so very slowly on a sodium- 
free diet whereas there are others who despite maximal salt restriction rapidly 
collect fluid in the peritoneum.'’ Doctors are now learning to their cost that arbitrary 
restriction of sodium in patients who continue to form ascites, especially if para- 
centesis is done, may provoke serious or even fatal effects of salt depletion. Coinci- 


5. Kunkel, H. G.; Labby, D. H.; Ahrens, E. H.; Shank, R. C., and Hoagland, C. L.: The 
Use of Concentrated Human Serum Albumin in the Treatment of Cirrhosis of the Liver, J. 
Clin. Invest. 27:305, 1948. 

6. Goodyer, A. V. N.; Relman, A. S.; Lawrason, F. D., and Epstein, F. H.: Salt Reten- 
tion in Cirrhosis of the Liver, J. Clin. Invest. 29:973, 1950. 

7. Ricketts, W. E.; Eichelberger, L., and Keisner, J. B.: Observations on the Alterations in 
Electrolytes and Fluid Balance in Patients with Cirrhosis of the Liver With and Without 
Ascites, J. Clin. Invest. 30:1157, 1951. 

8. Eisenmenger, W. J.: Role of Sodium in the Formation and Control of Ascites in Patients 
with Cirrhosis, Ann. Int. Med. 37:261, 1952. 

9. Kark, R. M., and others: A Rational Basis for the Use of Low Sodium, High Protein 
Diet Therapy in Laennec’s Cirrhosis, A. M. A. Arch. Int. Med. 88:61, 1951. 

10. Lowe, C. R., and Overy, D. C.: An Evaluation of Rigid Dietary Sodium Restriction 
in the Management of Ascites in Cirrhosis of the Liver, Ann. Int. Med. 34:1396, 1951. 
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dent drastic disturbances of electrolytes other than sodium may also develop.1' We 
have seen a cirrhotic patient who, after an abdominal tap, while on rigid salt restric- 


tion, suddenly developed complete flaccid paralysis of all four extremities. Potassium 


disturbance was suspected, and the serum potassium was found to be 10 mEq. per 
Liter, On intravenous infusion of sodium chloride there was rapid recovery, and 
the patient subsequently did well as long as salt was not restricted. There are now 
a number of reports of similar occurrences in the literature. Nelson, Rosenbaum, and 
Strauss,’ for example, describe two well-studied cases. Weakness, going on to 
serious prostration, nausea, low serum sodium, and hyperkalemia, followed tapping 
when these patients were on a salt-free diet. Lowe and Overy '® report a fatal case. 
The moral of all this is that it is unsafe invariably to base one’s therapy of ascites 
on any one measure. One should know that, even though it is often useful, not every 
patient will respond to salt restriction with failure to reaccumulate fluid and that 
grave danger exists if a low-salt regimen is pursued in the face of such reaccumula- 
tion. Every cirrhotic patient is, to be sure, entitled to one carefully controlled trial 
to find out what salt restriction will do. After a preliminary tap salt should be 
withdrawn from the diet. If ascites fails to collect, well and good, but if fluid does 
return with any speed salt restriction should be abandoned and dependence placed 
on tapping, rest and upbuilding with proper diet and vitamins if the low salt syn 


drome is to be avoided, Artuur L. BLoomrietp, M.D. 
A 

11. Hilton, J. G.: Effects of Mercurial Diuresis in Patients with Ascites Due to Cirrhosis, 
Am. J. Med. 12:311, 1952. 

12. Nelson, W. P., III; Rosenbaum, J. D., and Strauss, M. B.: Hyponatremia in Hepatic 
Cirrhosis Following Paracentesis, J. Clin. Inves. 30:738, 1951. 





DIFFUSE INTERSTITIAL FIBROSIS OF LUNGS 


A Form of Diffuse Interstitial Angiosis and Reticulosis of the Lungs 


ALFRED GOLDEN, M.D. 
AND 


THEODORE T. BRONK, M.D. 
BUFFALO 


IF FUSE interstitial fibrosis of the lungs was the subject of editorial comment 
in The Journal of the American Medical Association, Jan. 17, 1953. This 
summarized the reports of the relatively small number of cases that have appeared 


in the medical literature since attention was called to this entity by Hamman and 
Rich.” 

It is the purpose of this presentation to summarize the salient clinical features 
from the published reports and from our current experience with three cases and 
to present the pathological findings in our cases. We found the phase microscope * 
and the MeManus-Schiff reaction particularly useful in combination with observa- 
tions made by means of the Masson trichrome stain, the Wilder reticulum method, 
and the Weigert elastic tissue stain as well as hematoxylin and eosin stained sections. 

Pulmonary lesions in these cases were compared with those seen in acute inter- 
stitial pneumonia or primary atypical pneumonia; in pulmonary fibroses, other than 
the diffuse interstitial type; in chronic passive congestion of the lungs secondary to 


mitral valvular disease, and in diffuse pulmonary fibrosis after x-ray exposure. 


REPORT OF CASES 


Case 1.—Clinical Abstract—A 50-year-old white man was admitted to this hospital in 
extremis and lived for only one and one-half days. The family stated that the patient had been 
dyspneic on exertion for “a long time” but had remained fairly comfortable until one week priot 
to his hospital admission, when he caught a cold. Dyspnea promptly increased to orthopnea, and 
the cough became productive of large amounts of dark fluid but no frank blood. The temperature 
at the time of admission, was 100 F., the pulse rate was 120 per minute, and the respiratory rate 
was 34 per minute. Physical examination revealed numerous coarse bubbling rhonchi and rales 
throughout both lung fields. The red blood cell count was 5,800,000 per cubic millimeter, and there 
were 15.4 gm. of hemoglobin per 100 cc. The patient was placed in an oxygen tent and was given 
meperidine (Demerol), aminophylline, and mersalyl (Salyrgan) intravenously. The patient's 
cyanosis remained, and dyspnea was unrelieved. His pulse became irregular; he lapsed int 


coma and died, 
— 

From the Laboratory Service, Buffalo Veterans Administration Hospital (University of 
Buffalo School of Medicine ) 

Read before the Section on Pathology and Physiology at the 102nd Annual Session of the 
American Medical Association, New York, June 3, 1953 

1. Acute Diffuse Interstitial Fibrosis of the Lungs, editorial, J. A. M. A. 151:215 (Jan. 17) 
1953 

2. Hamman, L., and Rich, A. R Acute Diffuse Interstitial Fibrosis of the Lungs, Bull. 
Johns Hopkins Hosp. 74:177-212 (March) 1944. 

3. The American Optical Company instrument using the dark medium contrast 4 mm. objec- 


tive and the “C” condenser proved to be the most useful combination for this study. 
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Postmortem lindings.—The significant findings were limited to the lungs and the heart 
Grossly, the lungs were lightly anthracotic, fleshy, and had markedly reduced crepitus and no 
gross evidence of emphysema. The right lung weighed 750 gm. and the left lung, 525 gm. On 
each side, the cut surfaces were moderately red, fairly dry, and, particularly in oblique jllumina 
tion, showed a coarsening of the usual spongy architecture. There was no evidence of consolida 
tion. The tracheobronchial tree had hyperemic mucosal surfaces throughout and contained a 
moderate amount of mucopurulent fluid. The tracheobronchial lymph nodes were not remarkable. 

Microscopically, there was widespread, almost universal, hypertrophy of alveolar walls but 
they were of variable thickness. Under the phase microscope and by means of the MeManus 
Schiff reaction the thickness of the alveolar wall was clearly seen to be on the basis of capillary 
proliferation. Such walls showed layering of such capillaries from two to six and even more 
The cross-section diameters of such capillaries were increased to accommodate two to six red 
blood cells within their lumens. While the alveolar walls varied moderately in their degree of 
hypertrophy, reticulin fiber hyperplasia within the thickened walls was universal and was in 
direct proportion to the degree of such hypertrophy. These fibers tended to course along the 
alveolar walls in multiple layers with many branchings and tended to surround the hyperplastic 
capillaries, Collagenous increase, however, was by no means directly proportional to alveolar 
wall thickness. In most zones there was no appreciable increase in collagenous fibers. Where the 
degree of interstitial collagenous deposition was greatest, the number of proliferated capillaries 
was reduced but still increased over the normal. The elastic tissue components were not altered 
appreciably. Peribronehial, perivascular, and interlobular septal tissues showed no significant 
changes from the normal. Occasionally, bronchial lumens, particularly in the smaller branches, 
contained small numbers of leucocytes. 

The 500 gm., hypertrophied heart had a markedly thickened right ventricular wall, which 
measured up to 10 mm., and a markedly dilated right atrium. There were no valvular abnor 


malities 

Case 2.—Clinical Abstract—A 50-year-old white man had two hospital admissions a few 
months apart, with an initial diagnosis of chronic pulmonary fibrosis with cor pulmonale and 
Tuberculosis was suspected clinically, but no proof was obtained. The patient 
four days prior to lis last hospital admission 


congestive failure. 
had been a grinder for two years, many years ago 
dyspnea and cough developed. The latter became progressively worse, and the patient's distress 
was out of proportion to the physical findings. Cyanosis and an appearance of acute illness were 
associated with a pulse rate of 130 per minute, with many rales in both lung fields, and with a 
pulmonic second sound greater than the aortic second. The digits of both hands and feet showed 
clubbing. The patient responded poorly to oxygen therapy. He died shortly after his second 


admission 

Postmortem lindinas.—Both lungs showed markedly reduced crepitus and increased firmness 
and were of markedly increased weight. The left weighed 1,700 gm. and the right, 1,900 gm. As 
seen by repeated cross section through both lungs, the lesion had resulted in the transformation 
of lung substance into a diffusely coarsely honeycombed structure without visible nodularity or 
consolidation. The lung tissue itself varied from pale pink to translucent gray and, in its most 
densely fibrotic areas, had a definitely silvery sheen. The septa in the interlobular zones were 
outlined by such glistening, gray fibrosis, and through the pleura the lung assumed a mammilated 
configuration. Anthracosis in both lungs was mild. Tracheobronchial lymph nodes were not 
remarkable. The tracheobronchial tree contained a small amount of mucoid secretion. 

Microscopically, many sections of the lungs showed findings essentially similar to those 
described in Case 1. However, while collagenous increase was minimal in Case 1, it was appre 
ciable and fairly widespread in this case. Fibers staining positively by the Masson technique for 
collagen contributed materially to the hypertrophy of some alveolar walls. Some of the larger 
bronchi contained a moderate amount of purulent secretion within their lumens and mild round 
cell reactions in the peribronchial tissues. Here and there, alveolar lining cells were prominent 
and formed poorly defined layers and, by fusion, occasional giant cells with few nuclei. Minute 


pools of coagulable fluid were scattered in alveolar lumens but, for the most part, as in Case 1, 
the air spaces were free except for the presence of moderate numbers of anthracotic stippled 


phagocytes. Isolated clusters of round cells and few eosinophiles were present interstitially, 
admixed with the elements that comprised alveolar wall hypertrophy, but they contributed little 


to such thickenings. An incidental finding in over 50 lung sections taken from different parts of 
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the lung consisted of two small tuberculous granulomas, which were interpreted as having played 
no part in the evolution of alveolar wall hypertrophy of this diffuse type. 

Case 3.—Clinical Abstract—A 63-year-old white man whose illness goes back “several years” 
had a hospital record of cough for at least two years and shortness of breath for at least three 
months. At the time of his last hospitalization he was able to walk no more than a block or two 
without becoming very short of breath but there was no chest pain. He had had no exposure 
to noxious inhalants. On admission he was afebrile. His pulse rate was 84 per minute, respira- 
tions were 18 per minute, and physical findings were limited to the presence of rales in both 
lung fields. Repeated sputum examinations were negative for tubercle bacilli. The histoplasmin 
and coccidioidin skin tests were negative. A second strength purified protein derivative test dose 
was read as 2+. Bronchoscopy showed no abnormalities. Terminally, the patient showed low 
grade temperature increases to between 100 and 101 F. which responded to antibiotics but recurred 
as soon as the drugs were stopped. Episodes of severe coughing and choking became more fre 
quent and were accompanied by hyperventilation, cyanosis, and the production of a small amount 
of bloody sputum. Dullness appeared in the right lower lung coincident with a temperature rise 
to 104 FF. The pulse rate rose to 150 per minute, and respirations increased to about 50 per 
minute. The patient improved slightly in an oxygen tent, but several hours later Cheyne-Stokes 
respiration developed and he died. 

Postmortem lindings.—The significant findings were limited to the lungs. As in the two cases 
described above, the lungs were firm, moderately anthracotic, and heavy. The left lung weighed 
825 gm., the right 900 gm. The pleural surfaces were smooth and showed definite subpleural 
accentuation of the lobular markings, producing a cobblestone surface. On section, there was 
fairly uniform replacement of lung substance by firm, almost meaty, medium red coarse spongi- 
ness. The greatest portion of the lung surfaces showed this transformation, while along the 
pleural margins there were irregular radiating patches of silvery fibrosis streaked with anthra 
cosis. These subpleural layers varied from a few millimeters to 0.5 cm. in thickness. The tracheo 
bronchial tree was not remarkable 

Many sections were taken for microscopic examination. Alveolar wall hypertrophy was prac- 
tically universal and differed from those instances described above in that there was variation 
from areas in which there was barely perceptible alveolar wall hypertrophy to others in which 
the alveolar septa were enormously increased in width. The reticulum meshwork in such areas 
was heavier than in either of the cases described above. Alveoli lined by a metaplastic columnar 
epithelium, sometimes squamous, was confined to those portions of the lungs in which there 
were the broadest zones of fibrosis with isolation of alveoli. Similarly, the densest depositions 
of collagen were present in such broad zones and radiated as fibers of variable thickness into 
adjacent alveolar walls. Phase microscopy, and to a lesser extent the McManus-Schiff reaction, 
showed that capillary proliferation was abundant even in these most densely collagenous zones. 
In this case there was frank, focal, apparently terminal bronchopneumonia. In this case only, 
was there any appreciable degree of arterioclerosis with narrowing of the medium-sized blood 


vessels. This was not necessarily confined to the zones of densest fibrosis. 


SUMMARY OF CASES 

In none of the three cases is interstitial inflammatory exudate of any kind a 
prominent feature. All three patients were initially afebrile, had symptoms of at 
least weeks’ to months’ duration, and complained of dyspnea and cough with expec- 
toration, and cyanosis developed in all. One had curvature of the nails of the hands 
and feet. Terminal temperature rises and increased pulse and respiratory rates pre 
ceded death in all cases. Grossly, the lungs were of markedly increased weight, 
with coarsening of the lobular markings as seen under the pleural surfaces. On cut 
section they all presented the appearance of firmmess associated with fairly uniform 
diffuse and bilateral coarsening of the usual spongy lung tissue (Fig. 1). Two of 
the three patients had definite cor pulmonale. One had a mild degree of poly- 
cythemia. 

It is noteworthy that in case 3 there was the greatest degree of interstitial colla- 


genization of alveolar walls but there was no cor pulmonale. In the other two cases 
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Fig. 1—Close-up of gross lung specimen from Case 3, showing diffuse coarsening of the 
lung architecture. Actual size. 


Fig. 2—High-power phase microscope view of alveolar wall hypertrophy, showing character 
istic great content of proliferated capillaries and fine fibrillar meshwork; from Case 2; *% 300. 
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diffuse interstitial wall hypertrophy of the lungs was, as in Case 1, mainly on the 
basis of capillary proliferation of an extreme degree (Fig. 2), with hyperplasia 
of reticulum fibers as well (Fig. 3). In Case 2, the addition of small amounts of 
collagenous stroma was superimposed on this type of reticuloangiosis. The latter 
more than anything else accounted for the degree of alveolar septal hypertrophy. 


Metaplasia of alveolar lining cells was striking only in Case 3. Focal edema, alveolar 


hemorrhage, and focal bronchopneumonia were apparently terminal changes super- 


unposed on the underlying lesion. 


CLINICAL CONSIDERATIONS 


The Table summarizes the clinical and laboratory data that appear common in 
these pulmonary lesions.’ The disease is one of adult life. Males and females, Negro 


and white are affected. 


Fig. 3.—A1, section from Case 2, showing the profusion of reticulin fibers in hypertrophied 


alveolar walls. 2B, a view of a normal lung for comparison. The magnification is the same 
Wilder stain; & 100, 


— 

4. (a) Eder, H.; Hawn, C. V., and Thorn, G. W.: Report of a Case of Acute Interstitial 
Fibrosis of the Lungs, Bull. Johns Hopkins Hosp. 76:163-171 (April) 1945. (4) Hamman and 
Rich (c) Beams, A. J., and Harmos, O.: Diffuse Progressive Interstitial Fibrosis of the 
Lungs, Am. J. Med. 7:425-430 (Sept.) 1949. (d) Golden, A., and Tullis, I. F., Jr.: Diffuse 
Interstitial Fibrosis of the Lungs, Mil. Surgeon 105:130-137 (Aug.) 1949. (e¢) Callahan, W. P., 
Jr.; Sutherland, J. C.; Fulton, J. K., and Kline, J. R.: Acute Diffuse Interstitial Fibrosis of the 
Lungs, A. M. A. Arch. Int. Med. 90:468-482 (Oct.) 1952. (f) Rubin, E. H.; Kahn, B. S., and 
Pecker, D Diffuse Interstitial Fibrosis of the Lungs, Ann. Int. Med. 36:827-844 (March) 
1952. (g) Golden and Bronk, the three cases in the present paper. (A) Spain, D. M.: Patterns 
of Pulmonary Fibrosis as Related to Pulmonary Function, Ann, Int. Med. 33:1150-1163 (Nov.) 
1950. (1) Katz, H. L., and Auerbach, O.: Diffuse Interstitial Fibrosis of the Lungs: (Report of 
(Oct.) 1951. (7) Heppleston, A. G.: 


a Case with Unusual Features), Dis. Chest 20:366-377 
(k) Peabe nly, 


Chronic Diffuse Interstitial Fibrosis of the Lungs, Thorax 6:426-432 (Dec.) 1951 
H. D., Jr.; Moersch, H. J., and Edwards, J. E.: Clinically Indeterminate Pulmonary Fibrosis : 


A Pathologic Study, J. Thoracic Surg. 21:519-531 (May) 1951. 
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In the original report of Hamman and Rich * this entity was called acute diffuse 
interstitial fibrosis of the lungs. The duration of symptoms in published reports is 
variable. Our experience indicates that the onset of symptoms is vague. We suspect 
that what has been considered acute in this disease is, in reality, the terminal state 
Our exprience indicates that the duration of symptoms is long and that the disease 
develops progressively. 
The clinical triad of dy spnea, cyanosis, and cough, while fairly constant in all 
cases, shows variation in time of onset, severity, and persistence. Some reports 
describe wide varieties and large numbers of altered breath sounds, while others 


state negative findings. Temperature elevations, increased respiratory rates, and 


Summary of Saltent Clinical leatures in Cases of Diffuse Interstitial Fibrosis of Lunas 


Rt. Ventricle 
Wall 
RBC, Hb, 
Million’ Gm Thick Duration of 
Age Sex Race Cu. Mm. 100 Ce. ness * Mim Symptoms 


Eder, Hawn, & Thorn 4 47 W H 
Hamman & Rich + : ‘ iI N we H 
1 a N Dd H 
N H 
W N 


Beams & Harinos 4 : H Almost 
Golden & Tullis # : - hs 1 WwW H Years 
N ; H » mo 
Callahan & others * More than 3 mo 
Rubin & others * 1 
Golden & Bronk * ° a 3 3 Several years 

5 Few months 

Varue 


» yi 


Spain * 0 rae ‘ ¥ ‘ 7 yt 
q Some 

Il yr 

Ie mo 


6 mo 


Katz & Auerbach * 
Heppleston * 
Peabody & others * 


°*z hypertrophy, N normal 


rapid pulse rates are more often than not terminal changes and appear to be associ 


ated with final episodes of pneumonitis superimposed on the underlying lesions. 
It appears that the tendency toward the development of cor pulmonale and poly 


cythemia is latent within this disease. 


PATHOLOGICAL CONSIDERATIONS 


Pathologically, the disease has been recognized, in the 23 cases summarized in 
the Table, as a process involving the interstitial tissues of the Jung manifest by alveo 
lar wall hypertrophy. Such thickenings have been assumed to be fibrotic by, among 
others, one of us in reporting two cases previously.“" Reexamination of the lesions 
and closer study of these three cases by the methods stated above redefines the lesion 
as diffuse, but not necessarily universal, alveolar wall hypertrophy on the basis of 
capillary increase within these walls. The capillaries are much more numerous and 
much larger than normal and tend to depart markedly from their normal distribu 


tion on the alveolar surfaces. This angiosis is accompanied by abundant reticular 
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hyperplasia. For all practical purposes, the thickened alveolar walls represent the 


summation of these two processes. No other changes need be present at the time of 
death, as demonstrated in our Case 1, in which there were cor pulmonale and mild 
polycythemia. 

The addition of collagen to make a true interstitial fibrosis of the lungs occurs, 
but it tends to be focal rather than diffuse and does not obscure the fundamental 
vascular and reticular hyperplasia. 

Hamman and Rich * described one of their four cases as showing acute inter- 
stitial mononuclear and eosinophilic infiltration. We have encountered such instances 
but have no way of distinguishing them from forms of acute interstitial pneumo- 


Fig. 4.—A, section from Case 2, showing great hypertrophy of alveolar walls, marked capil- 
lary proliferation, and the addition of collagen strands interstitially. Mild round cell infiltration 
is disposed characteristically in a small interstitial focus (1). Prominence of alveolar lining cells 
is present at (2) and (3). The cell clusters at (4) are anthracotic laden phagocytes. Note that 
the air spaces in Figures 3 and 4 contain no exudate. 2, section from a normal lung for com 
parison, The magnifications are the same. Masson trichrome stain; « 100. 


nitis.° Consequently, such cases are not included in this series. It was suggested by 
Golden and Tullis “4 and Katz and Auerbach,! among others, that diffuse inter- 
stitial fibrosis of the lungs may be a sequel to one or more attacks of acute interstitial 
pheumonitis or primary atypical pneumonia, when such lesions heal by organization 
rather than resolution. There is no proof to date of that hypothesis. 

The degree of leucocytic participation in this lesion is very small. Instances of 
lymphocytic, monocytic, and even slight eosinophilic accumulations are encountered, 
but they are focal and do not contribute materially to alveolar wall hypertrophy. 

As a rule, the alveolar air spaces are free except for variable numbers of anthra- 
cotic stippled phagocytes and occasional pools of fluid. Columnar and even squamous 
neniatintaene 

5. Golden, A.: Pathologic Anatomy of “Atypical Pneumonia, Etiology Undetermined”: 
Acute Interstitial Pneumonitis, Arch. Path, 38:187-202 (Oct.) 1944. : 
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metaplasia of alveolar linings are also present, rarely profound, never universal. 


The presence of frank bronchopneumonia appears to be a terminal phenomenon 
accompanied by fever as in our Case 3. 

Interference with pulmonary oxygenization is manifest clinically by cyanosis, 
dyspnea, orthopnea, and sometimes polycythemia, and that there is interference with 
pulmonary circulation is shown by the development of a cor pulmonale. Figures 
4+ and 5 demonstrate that these proliferated capillaries in the alveolar walls create 
their own barriers to surface oxygenization. The addition of heavy reticulin fiber 
coats (Fig. 3) further decreases their atmospheric contact. Pulmonary hemody 
namics must be altered by the greatly increased capillary bed area. The addition of 


Fig. 5.—The proliterated capillaries in alveolar wall hypertrophy are outlined clearly by their 
basement membranes. The capillaries are much more numerous and of much wider diameters 
than normal; from Case 2. McManus-Schiff stain; « 400. 


even variable amounts of collagen fibers, even if they are not universally distributed, 
must also play a part in interfering further with gaseous exchange. 

When edema fluid and even fibrin are present in occasional alveolar lumens with 
out evidence of specific pneumonitis, it seems reasonable to assume that leakage from 


such distended capillaries has taken place. 


ETIOLOGY 

The etiology of this malady remains obscure. There are no consistent histories 
nor findings of exposures to dusts or other noxious inhalants. A search of the lungs 
in Cases 1 and 2 under crossed Nicoi prisms revealed no crystals of any kind. 

The lesions in the lung must be differentiated from the not dissimilar ones of 
chronic passive congestion of long standing. None of the cases reported showed 
any significant hemosiderosis, such as is encountered in chronic passive congestion. 
None of the reported cases included known causes of chronic passive congestion such 


as mitral valvular disease. The fibrotic manifestations in the lungs of patients with 
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systemic scleroderma are collagenous rather than fundamentally vascular, as in this 
series. In none of the reported cases is there any indication of scleroderma or allied 
disorders, such as Raynaud's disease. There are changes in interstitial collageni 
zation of the lung framework following x-ray treatment of the langs which are simi- 
lar but not identical to these lesions. The more detailed pathological points of 


differentiation will be taken up in a forthcoming report. 


There is universal agreement that neither stainable bacteria nor inclusion bodies 


are demonstrable in these lesions, a negative finding with which we concur. 


CONCLUSIONS 

1. A review of the literature and our experience indicate that this diffuse bilat 
eral pulmonary disease, of a specific type, in adults is characterized clinically by the 
development of dyspnea, cyanosis, and cough. There is a tendency toward the devel- 
opment of the symptoms and signs of cor pulmonale and, to a lesser extent, of poly- 
cythemia. 

2. Pathologically, this condition is characterized by diffuse alveolar wall hyper- 
trophy on the basis of marked capillary proliferation. This angiosis plus reticulum 
hyperplasia is limited to the alveolar walls and accounts for their thickness. The 
addition of collagen in such hypertrophic walls is variable; it may be absent and is 
usually focal rather than widespread. 

3. The etiology of the lesion is unkown. 

+. The disease is chronic, apparently progressive, and in fatal cases bilateral and 
diffuse. 

5. The recognition of this entity with certainty is by pathologic diagnosis at 
present. 

6. The disease designated originally as acute interstitial fibrosis of the lungs 
proves to be progressive diffuse alveolar hypertrophy of a specific reticuloangiotic 


type. 





ORAL USE OF HYDROCORTISONE (COMPOUND Ff) 
IN TREATMENT OF SPRUE 


DAVID ADLERSBERG, M.D. 
HENRY COLCHER, M.D. 
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NEW YORK 


HIS STUDY is concerned with the effects of hydrocortisone (compound | ) 
in patients with intractable prunary sprue. Two forms of this steroid were 
used, the acetate and the free alcohol. While hydre cortisone acetate proved ineffec 


tive, the free alcohol of hydrocortisone, given orally, was found to be a valuable 


therapeutic agent in the management of these patients. The study represents an 
extension of our previous observations on the effects of corticotropin and cortisone 
acetate in sprue.! 

SELECTION OF PATIENTS 

The diagnosis of primary sprue was based on the typical symptoms and signs 
of this disorder, namely, diarrhea and steatorrhea, weakness, considerable weight 
loss, soreness of mouth and tongue, anemia, and polyavitaminosis; the condition 
was associated in some instances with hypocalcemia, tetany, osteoporosis, and 
hypoproteinemia. In none of these patients was there evidence of pancreatic dis 
ease, and results of pancreatic enzyme studies, when performed, proved to be essen 
tially normal. Roentgen studies failed to reveal evidence of organic disease in 
the gastrointestinal tract, as may be seen in secondary sprue." 

Many patients of this series showed at some time excellent or partial improve 
ment on a sprue regimen consisting of high protein diet, with limitation of fats 
and polysaccharides, supplemented with adequate doses of liver extract, vitamin 
Bis, and folic acid. In other patients no remission could be achieved; despite 
a seemingly satisfactory correction of the hematic status, diarrhea, steatorrhea, 
bien 

From the Nutrition Clinic and the Department of Medicine, Mount Sinai Hospital, New 
York 

Read before the joint meeting of the Section on Gastroenterology and Proctology and the 
Section on Pathology and Physiology at the 102nd Annual Session of the American Medical 
Association, New York, June 4, 1953. 

1. (a) Adlersberg, D., and Schein, J.: Clinical and Pathologic Studies in Sprue, J.A.M.A 
134:1459, 1947. (b) Adlersberg, D.; Colcher, H., and Drachman, S. R Studies on the 
Effects of Cortisone and Pituitary Adrenocorticotropic Hormone (ACTH) in the Spruce 
Syndrome, Gastrcenterology 19:674, 1951. (c) Colecher, H.; Drachman, S. R., and Adlers 
berg, D.: Management of Intractable Sprue with Cortisone and Adrenocorticotropin (ACTH), 
Ann. Int. Med. 38:554, 1953 

2. Adlersberg, D., and Rabinowitz, D.: The Sprue Syndrome: Improved Dietary Manage 
ment, J. Am. Dietet. A. 26:879, 1950. 
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weakness, and malnutrition persisted, resulting in chronic invalidism. Finally, there 
were patients in whom after many years of satisfactory response to accepted sprue 
therapy resistance to this therapy developed and others who even in the early phases 


of sprue proved refractory to interisive courses of treatment. It is well known that 


the prognosis of patients with intractable sprue is bad; their condition may dete- 
riorate progressively to fatal termination. Because of these considerations six 
patients of this group had been treated with prolonged courses of cortisone and/or 


corticotropin, as was previously reported.’ 


The characteristic clinical and laboratory data of this series are presented in Table 1. There 
were 3 men and 14 women. Their ages ranged from 30 to 70 years, average 49. The duration of 
symptoms varied from 2 to 45 years, average 12. All patients appeared at some time chronically 
malnourished and presented evidence of considerable loss of weight, which varied from 11 to 73 
lb. (4.9 to 32.9 kg.), average 32 Ib. (14.4 kg.). In addition, weakness, anorexia, diarrhea, and 
distention were the outstanding features. The daily number of stools varied from 2 to 20. Four 
patients had clinical manifestations of tetany, and two had purpura. Despite therapy, almost all 
patients showed anemia, with hemoglobin concentrations varying from 7.9 to 13.4 gm., average 
i0.9 gm., and red cell counts of 2,500,000 to 4,800,000, average 3,600,000. Five patients exhibited 
hypoprothrombinemia, and five had hypocalcemia. The serum albumin concentration was 3.1 to 
4.2 gm. in nine patients, 2.1 to 3 gm. in six; only two patients had serum albumin of 1.9 and 2 
gm. per 100 ml., respectively. The level of vitamin A in the serum in the fasting state was very 
low; only three patients had a level of over 40 y, two between 30 and 39 7, three between 20 and 
29 7, and the remaining nine had levels below 20 7 per 100 ml. Similarly, the carotene levels in 
the serum were with one exception strikingly low, 1 to 43 y per 100 ml., average 15 vy. The 
exception was Patient 9, who on repeated occasions and while under treatment with massive 
doses of folic acid and vitamin Biz showed a high concentration, of 420 y per 100 ml. The 
vitamin-A-tolerance test was flat in 15 patients; in two patients (Patients 9 and 11) there was 
moderate elevation of the vitamin A serum level after ingestion of a standard dose of 180,000 
I. U. of vitamin A in oil. The oral glucose-tolerance test (100 gm. glucose) was typically flat 

~ in all 15 patients for whom it was performed; in contrast, these patients presented normal curves 
when dextrose was administered intravenously (50 ml. of a 50% solution). Steatorrhea was pres 
ent in all patients; the fecal fat concentration ranged from 31.3 to 60.5% of the dry material. 
‘sprue pattern” 


‘ 


Roentgen studies of the small bowel presented the characteristic findings of the 
in 15 instances, while 1 patient exhibited a milder degree of disturbance termed “sprue-like pat- 


tern” 4 and 1 was normal. 


EFFECTS OF HYDROCORTISONE ACETATE 

The first therapeutic trials were made with hydrocortisone acetate. It was administered in 
seven courses to five patients who, refractory to accepted sprue therapy, had received prolonged 
courses of cortisone and/or corticotropin therapy. The maintenance dose of the drug was estab- 
lished in each instance by careful “clinical titration.” The results of replacement of cortisone 
or corticotropin by hydrocortisone acetate are summarized in Table 2. Observations of Patient 1 
will serve as an illustration for this group. 

Case 1—P. S. was a 55-year-old white man whose diarrhea and whose weight loss had 
started at the age of 32. The diagnosis of sprue was established 14 years later and was confirmed 
during repeated admissions to the Mount Sinai Hospital. His maximum weight loss was 40 Ib. 
(18 kg.). One of the chief manifestations of his disorder was severe purpura caused by marked 
hypoprothrombinemia; another important feature was severe osteoporosis. 
scansistninaiiaaiamecee 

3. Glazer, I., and Adlersberg, D.: Volvulus of the Colon: A Complication of Sprue, Gastro- 
enterology 24:159, 1953. Adlersberg and Schein.’ 

4. Adlersberg, D.; Marshak, R. H.; Colcher, H.; Drachman, S. R.; Friedman, A. I., and 
Wang, C. I.: The Roentgenologic Appearance of the Small Intestine in Sprue: Long-Term 
Studies with Special Reference to Differential Diagnosis, Gastroenterology, to be published. 
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Kor one and one-half years prior to this study the condition of the patient was maintained 
on almost continuous cortisone or corticotropin therapy, in addition to standard antianemic 
therapy, which resulted in disappearance of diarrhea, gain of 15 Ib. (6.7 kg.), and improvement 
of various chemical abnormalities (hypocalcemia, hypoproteinémia, ete. ) 

Prior to the use of hydrocortisone acetate the condition of the patient had been satisfactorily 
maintained for 95 days with cortisone by mouth in an average daily dose of 35 mg. (Course 1) ; 
the initial daily dose, of 100 mg. of cortisone, was gradually reduced to 12.5 mg. The body weight 
averaged 121 Ib. (59.4 kg.) during this course, and there was one formed stool daily 

The replacement of orally administered cortisone acetate by orally administered hydrocorti- 
sone acetate in daily doses of 80 mg. (Course 2) resulted in a loss of 8 Ib. (3.6 kg.) within five 
days, reappearance of 3 to 4 bowel movements daily, striking weakness, and other evidences 
of relapse 

After the patient was readmitted to the hospital, hydrocortisone acetate was administered 
by intramuscular injections for an additional 14-day period in doses ot 125 mg. daily (Course 3) 


Nevertheless the patient’s condition continued to deteriorate, the diarrhea increased to 5 to 
3 kg.) to the lowest 


a) 


bowel movements daily, the body weight decreased by an additional 5 Ib. (2. 
level, 108 Ib. (48.6 kg.) : the patient presented all the characteristic features of severe relapse 

\t this time, hydrocortisone free alcohol was given orally with very satisfactory effect 
(Course 4). The initial daily dose was 80 mg. With this medication the diarrhea stopped 
promptly and appetite and vigor returned; the daily dose of the drug was gradually reduced to 
15 mg. During the period of 65 days, with an average daily dose of 35 mg. hydrocortisone free 
alcohol given orally, complete control of symptoms was achieved; there was a gain of 13 Ib 
(5.9 kg.) and the patient presented the clinical picture of full remission. Nevertheless, the 
serum vitamin A level, although higher than before, was only 22 y and the serum carotene level 
was 12 7 per 100 ml. 

While in this excellent clinical condition the patient was subjected to a third trial with hydro- 
cortisone acetate (Course 5), in which the final dose, of 15 mg. of orally administered hydro 
cortisone free alcohol, was replaced by 50 mg. of orally administered hydrocortisone acetate ; 
this dose was then gradually raised to 100 mg. daily. During the 20-day period, with an average 
dose of 65 mg. hydrocortisone acetate per day, the patient lost 5 Ib. (2.3 kg.), the frequency of 
bowel movements increased, and weakness, apathy, and other signs of relapse reappeared; the 
serum vitamin A level sank to indeterminable levels and the patient complained of night 
blindness. 

A subsequent course of orally administered hydrocortisone free alcohol again proved to be 
very effective (Course 6). The initial daily dose of 60 mg. could be gradually reduced to 20 mg 
In the course of 28 days, with an average daily dose of 30 mg. hydrocortisone free alcohol, the 
patient gained 11 Ib. (4.9 kg.) and was able to resume his full-time job; there was one formed 
bowel movement a day. 

Cessation of therapy led to relapse within several days, with reappearance of diarrhea and 
loss of 9 Ib. (4.0 kg.) (Course 7). Such relapses had occurred previously in this patient (and 
in other patients of the group) whenever cortisone or corticotropin therapy was discontinued 

Since Jan. 15, 1953, the patient has been receiving uninterrupted therapy with orally admin 
istered hydrocortisone free alcohol (Course 8). On May 15, 1953, the required dose was 20 mg 
(1 tablet, taken before breakfast). On this regimen the body weight returned to 125 Ib 
(56.3 kg.) and the patient is normally employed and works regularly; there is only one formed 
bowel movement daily. 


COMMENT 


The case history of a patient with therapy-resistant sprue has been presented. 
While hydrocortisone acetate given in three courses resulted in reappearance of 


diarrhea and other symptoms and signs of relapse, hydrocortisone free alcohol 


proved to be effective and adequately controlled the patient’s symptoms. 
Sprue in Patients 2 and 3 had been clinically controlled with average daily doses 
t 


of 45 mg. of cortisone by mouth (Table 2, Course 1 in both patients). This dose oi 


cortisone was replaced initially by 40 mg. orally administered hydrocortisone 
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acetate in Patient 2 (Course 2). Despite gradual increase of the daily dose to 100 
mg. characteristic evidences of relapse, such as loss of 10 Ib. (4.5 kg.), increasing 
weakness, and reappearance of abdominal distention and discomfort could not be 
prevented. In subsequent Courses 3 to 6, in which cortisone and, hydrocortisone 
free alcohol were given orally, adequate clinical control was reestablished. 

In Patient 3 the final daily dose of 25 mg. of cortisone by mouth (Course 1) 
was replaced by 100 mg. hydrocortisone acetate by mouth for 20 days (Course 2). 
Complete relapse, with loss of weight and reappearance of diarrhea, weakness, and 
anorexia were the result. In the following Courses 3 and 4 clinical control was 
easily maintained with cortisone or hydrocortisone free alcohol, both administered 
orally. 

The disease in Patients 4 and 5 was maintained in clinical remission by uninter- 
rupted courses of corticotropin-gel treatment for 125 and 157 days respectively. 
The replacement of corticotropin by hydrocortisone acetate in daily doses of 100 mg. 
in Patient 4 and by intramuscular injections of 50 to 70 mg. daily in Patient 5 
resulted in relapse, while orally administered hydrocortisone free alcohol used in 
subsequent courses proved satisfactory. 

It may be stated then that hydrocortisone acetate, used in two courses by intra- 
muscular injection and in five courses by the oral route, resulted invariably in reac- 
tivation of sprue symptoms. This happened with doses of the drug considerably 
higher than the preceding or subsequent effective doses of cortisone, hydrocortisone 
free alcohol, or corticotropin. It was of interest, however, that relapses observed 
during the use of hydrocortisone acetate could be easily controlled by the other 
three drugs. 

EFFECTS OF HYDROCORTISONE FREE ALCOHOL 

Hydrocortisone free alcohol was administered to all 17 patients in 21 courses. For the purpose 
of this report the patients were divided in two groups. 

Group 1 included the five patients whose conditions had been maintained for prolonged periods 
of time, up to three years, with either cortisone by mouth or parenteral corticotropin. They 
received, as already indicated, hydrocortisone acetate first and hydrocortisone free alcohol 
immediately afterwards, or after an interval of cortisone or corticotropin therapy. 

The results obtained in nine courses of oral therapy of hydrocortisone free alcohol 
in Group | are summarized in Table 2. It may be seen that in three courses hydro- 
cortisone free alcohol replaced orally administered cortisone, in two courses it 
replaced intramuscularly administered corticotropin-gel, in three courses it was 
administered at the height of relapse precipitated by the preceding administration 


of hydrocortisone acetate, and in one course it was given during relapse caused 
> 


by interruption of hydrocortisone free alcohol therapy for 34 days (Table 
Patient 1, Course 7). 

Group 2 consisted of 12 patients who failed to respond satisfactorily to prolonged courses of 
intensive standard sprue therapy. The favorable therapeutic results obtained in Group 1 suggested 
the use of hydrocortisone free alcohol in these patients. It was used in 12 courses of oral therapy, 
and it was added to the basic therapy of these patients. Only one patient of this group (Patient 6) 
received corticotropin, which was then replaced by hydrocortisone free alcohol ; the other patients 
received no adrenocortical therapy prior to the use of hydrocortisone free alcohol. 

The initial daily dose of hydrocortisone free alcohol varied in Group 1 between 40 and 80 


mg., While in Group 2, with one exception, the initial dose was 80 mg. 


In both groups a remarkable change occurred in the patients’ condition within 
two to seven days of treatment. They felt stronger and had an increased appetite ; 
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the apathy and weakness were replaced by a remarkable sense of euphoria and 
improved sense of well-being. The frequency of bowel movements diminished 
rapidly, and the stool showed normal consistency; with improvement of appetite 
and increased intake of food there was a steady increase in weight (Figs 1 and 2). 
The initial dose of the drug was maintained for 7 to 14 days and was then reduced, 
usually at weekly intervals, under steady control of weight, bowel movements, and 
general clinical condition. The 21 courses were given over a total of 1,394 days ; each 
course lasted 5 to 136 days and the average duration was 66 days. The minimal 
effective maintenance dose of the drug was found to be 15 mg. daily in one course, 
20 mg. in four courses, 25 mg. in one course, 30 mg. in four courses, and 40 and 50 
mg. in two courses each; in five courses the time of treatment varied from 19 to 
36 days and did not permit establishment of the minimal effective dose. 

Gain in weight paralleled the improvement of the general condition. It varied 
from 2 to 15 lb. (0.9 to 6.7 kg.) and averaged 7 |b. (3.2 kg.) per course. The 
initial gain might have been caused in some instances by sodium and water retention, 
although all patients initially received a diet with limited sodium content. Ankle 
edema was occasionally present. Later in the course of therapy the weight gain 
was certainly the result of apposition of muscle and fat tissue. 

The subsidence of diarrhea was another striking feature of this form of steroid 
therapy. In most instances the number of stools decreased to one a day. On 
occasion constipation developed for the first time after many years of diarrhea and 
called for considerable reduction of the daily dose of the drug; in a few instances 
small enemas and glycerine suppositories were needed. 

Steatorrhea diminished considerably or was absent when large doses of the 
drug were used. As a rule, there was an inverse relationship between the dose of 
hydrocortisone free alcohol and the fecal fat content. Reduction of the dose resulted 
often in the reappearance of larger quantities of fecal fat. Patients whose condition 
was maintained on small doses of the drug exhibited at times considerable fat in 
their formed stools. It must be considered, however, that in these stages of therapy 


the patients’ fat consumption amounted often to 100 gm. daily, while in the initial 


stages it was reduced to 30 to 40 gm. 

The effects of hydrocortisone free aleohol upon the serum levels of vitamin A 
and the vitamin-A-tolerance test were similar to those observed during cortisone 
and corticotropin therapy.'"® In several instances the flat  vitamin-A-tolerance 
test was replaced by steeper or almost normal curves, e.g., Patient 1, Course 4 and 
Patient 6, Course 2; for other patients the curves remained flat although the fast- 
ing levels of vitamin and carotene in the serum were significantly increased, 
indicating an improved but delayed absorption of vitamin A and carotene. 

In patients with hypoalbuminemia a decided increase in the serum albumin was 
noted, Similarly patients who exhibited hypocalcemia showed a definite increase of 
serum calcium, to normal levels. 

Serial roentgenologic studies of the small intestine were performed for many 
of these patients. Only occasionally was there a significant improvement of the 
sprue pattern under steroid therapy (Fig. 3). Roentgen interpretation of improve- 
ment was judged conservatively, because of the known variability of the roentgen 
findings in sprue. In most patients a marked discrepancy was noted between the 
degree of clinical improvement and the paucity of roentgen changes. Similar 


observations were made with cortisone and corticotropin.‘ 
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Fig. 1 ( Patient 14). —A, patient before administration of hydrocortisone free alcohol; weight 
95 lb. (42.7 kg.). B, after 31 days of therapy; weight 110 Ib. (49.5 kg.). 


_ Fig. 2 (Patient 14)—A, before therapy. B, after 31 days of therapy with hydrocortisone 
free alcohol. 
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It should be emphasized that the degree of improvement varied with each 
patient. Disappearance of diarrhea, considerable increase in weight, and ability 
to tolerate a normal bland diet was observed in 14 patients. In three patients the 


improvement was ‘imited to a better sense of well-being, reduction of the number 


of stools, and moderate gains in weight. 


OUTLINE OF MANAGEMENT 


Administration of Hydrocortisone ree Alcohol.—The initial dose was usually 80 mg. daily, 
given orally in two to four equally divided doses. Maintenance doses of 20 to 30 mg. daily were 
as a rule given in one dose, half an hour before breakfast. The original dose was slowly reduced 
at intervals of 1 to 2 weeks by decrements of 10 to 20 mg. Dietary indiscretion resulted in epi- 
sodes of diarrhea and required on occasion larger quantities of the drug for a few days. Higher 


F *. 


« 4 


- 


Fig. 3 (Patient 10) 1, small intestine pattern before hydrocortisone free alcohol therapy ; 
note dilatation, segmentation, and hypersecretion. 4, after three months of therapy; note 
mmprovement of pattern. 


doses were also needed during intercurrent infections, emotional upsets, and other forms of stress. 
After clinical control was reestablished, reduction of the dose to maintenance levels was possible 

Diet.—Patients who were given this form of therapy in the hospital were placed on a low 
fat, high protein diet with limitation of starches; the sodium content’ was reduced to 500 mg 
per day. In ambulatory patients the salt intake was limited to minimum but was not determined 
However, when patients had improved satisfactorily to allow for smaller doses of the steroid 
(20 to 40 mg. daily) the sodium intake was liberalized to permit a more palatable diet. At this 
stage the restriction of fat and carbohydrate was found unnecessary in most instances and patients 
were allowed a bland low-residue diet with otherwise free selection of foods. 

Additional Therapy.—During the treatment period the previous “basic” antianemic thera 
peutic regimen (liver extract, vitamin By», and folic acid, all administered by injection) remained 
unchanged, Potassium salts were administered when indicated in amounts of 3 to 6 gm. of 
potassium chloride daily or in 2 to 4 teaspoons (9.8 to 19.6 ml.) of liquid potassium triplex 


(potassium acetate, bicarbonate, and citrate). Patients with hypocalcemia or marked osteoporosis 
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were given calcium in the form of powdered calcium gluconate. Occasionally ammonium chloride 
was used for patients with tetany; when gross water retention was present this was administered 


with or without mercurial diuretics. 


Complications.—These patients were examined ai frequent intervals in order 
to detect any untoward effect of steroid therapy. Signs of Cushing’s syndrome 
previously observed with the use of large doses of cortisone or corticotropin were 
not noted in this series, probably because of the therapeutic plan used. The policy 
was to reduce the dosage of the steroid, after the initial improvement, to minimal 
maintenance doses compatible with control of the clinical symptoms. 

The detection and management of acute infections in sprue patients receiving 
steroid therapy is a challenging clinical problem. The low resistance of these patients 
to infections and stress is well known. In addition, the manifestations of infection 
may be masked by corticosteroid therapy. Therefore full attention should be given 
to minor symptoms and signs of infection. 

Water retention and edema were occasionally seen in the initial stages of therapy 


when patients ingested excessive amounts of salt while receiving large doses of the 


drug. In these stages diuretics were administered. On the small maintenance 
doses of hydrocortisone free alcohol edema formation was not observed although 


the patients were allowed unlimited quantities of salt. 


COM MEN7 


The role of the adrenal cortex in the mechanism of intestinal absorption ° and 
in the etiology of sprue ° has been extensively studied but has not been satisfactorily 
established. Anatomic changes of the adrenal cortex described in tropical sprue 
are essentially those of atrophy,®” as they may be found in conditions associated with 
emaciation and malnutrition; no characteristic or specific lesions were encountered 
in our previous postmortem studies of patients with nontropical sprue." 

Nevertheless, clinical observation supports the concept that “diminished adreno 
cortical reserve’ may play a role in certain instances of sprue. There may 
he in patients with sprue episodes of sudden superimposed acute diarrhea, severe 
loss of water and electrolytes, calf cramps, severe asthenia, and other signs resem- 
bling an Addisonian crisis. Pregnancy, usually well tolerated by patients with 
sprue in the first to second trimesters, may lead to severe relapse in the last tri 
mester or after conclusion of pregnancy,’ suggesting gradual exhaustion of the 
adrenocortical reserve during pregnancy. On the other hand, patients with Addison's 

as 

5. Verzar, F., and MacDougall, FE. J.: Absorption from the Intestine, London, Longmans, 
Green & Co., Ltd., 1936. Marazzi, R.: The Influence of Adrenalectomy and of Fasting on the 
Intestinal Absorption of Carbohydrates, Am. J. Physiol. 131: 36, 1940. Barnes, R. H.; Wick, 
\. N.; Miller, E. S., and MacKay, FE. M.: Effect of Adrenalectomy on Rate of Fat Absorption, 
Proc. Soc. Exper. Biol. & Med. 40:651, 1939. Stilmann, N.; Entenman, C.; Anderson, FE 
and Chaikoff, I. L.: Phosphorylation of Fat in Absence of Adrenal Glands as Measured with 
Radioactive Phosphorus, Endocrinology 31: 481, 1942 

6. (a) Verzar, F., and Laszt, L.: Nebennierenrinde und Fettresorption, Biochem. Ztschr. 
278: 396, 1935. (b) Diéz Rivas, F.; Hernandez Morales, F., and Koppisch, F The Adrenal 
Gland in Tropical Sprue, J.A.M.A. 150:647, 1952. (c) Culver, P. J.; Benson, J. A., and 
Jones, C. M.: The Effect of Pregnancy on Non-Tropical Sprue, read before the Annual 
Meeting of the American Gastroenterological Association, Atlantic City, N. J., May 2, 1953 
Adlersberg and Schein.14# 


7. Unpublished data. Culver, Benson, and Jones 
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disease may present evidence of defective intestinal absorption, which can mimic 


sprue and can be corrected by cortisone.'” A functional insufficiency of the adrenal 


cortex in patients with intractable sprue may explain the observed therapeutic effects 
of cortisone, hydrocortisone, and corticotropin, while patients with Addison’s dis- 
ease may display features resembling those of sprue. 

Evidence has been presented previously to suggest that cortisone and cortico- 
tropin when used in sprue improve the intestinal absorption of fat and fat-soluble 
vitamins.'” The diminished fat content, the higher levels of vitamin A and carotene 
in the serum, and the improved results of vitamin-A-tolerance tests observed in 
this series of patients treated with hydrocortisone free alcohol may be interpreted 
similarly. It must not be overlooked, however, that the well-known effects of the 
steroid hormones on mood and appetite may have contributed per se to the improve- 
ment. 

Remissions achieved by the use of hydrocortisone free alcohol could not be 
maintained after discontinuation of the drug. This was seen in Patients 1 and 6, 
in whom | to 3 weeks after cessation of treatment clinical relapse occurred despite 
uninterrupted and unchanged administration of basic antianemic therapy. An 
attempt was therefore made to maintain the condition of patients with refractory 
sprue by continuous therapy with minimal effective doses by hydrocortisone free 
alcohol. The dosage was established for each patient by prolonged clinical titration 
in a manner similar to that previously used for cortisone and corticotropin.'" 
No adverse effects, no habit formation, and no resistance to this mode of therapy 
have been noted. 

Hydrocortisone free alcohol offers certain advantages in comparison with 
cortisone and corticotropin. It is effective in small doses without producing unde- 
sired side effects. Similar observations have been made by those who have used 
this steroid in the therapy of rheumatoid arthritis.* 

Additional observations in sprue will be necessary further to establish the 
therapeutic superiority of hydrocortisone free alcohol. One may reason perhaps 
that neither cortisone nor hydrocortisone are primarily involved in the mechanism 
of sprue and that other related compounds or analogues may prove in the future 


more effective in the management of sprue. 


SUMMARY 

Seventeen patients with the sprue syndrome were treated with two forms of 
hydrocortisone, the acetate and the free alcohol. Hydrocortisone acetate was used 
in 7 courses of therapy, and hydrocortisone free alcohol was used in 21 courses. 
All patients exhibited various degrees of resistance to standard sprue therapy. 
The average patient was 49 years old, had sprue for 12 years, showed loss of weight 
of 32 Ib. (14.4 kg.), had a hemoglobin level of 10.9 gm. and a red cell count of 
3,600,000. The patients were divided in two groups. Group 1 included five patients 
whose condition, because of intractability, had been maintained for periods up to 
three years with either cortisone by mouth or parenterally administered cortico- 
tropin (aqueous or gel). Group 2 consisted of 12 patients who failed to respond 


8. Boland, E. W., and Headley, N. E.: Compound F Used Orally in Patients with 
Rheumatoid Arthritis, J.A.M.A. 148: 981, 1952. 
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satisfactorily to prolonged courses of extensive conventional sprue therapy but 


who, with one exception, had received no corticosteroid therapy prior to the admini 
stration of hydrocortisone. 

In Group 1 the replacement of cortisone or corticotropin by hydrocortisone 
acetate, administered orally in five and parenterally in two courses, in addition to 
“basic” antianemic therapy, resulted invariably in reappearance of diarrhea, steator 
rhea, loss of weight, weakness, apathy, and other evidences of relapse. 

In contrast, hydrocortisone free alcohol given orally to all 17 patients (Groups 
1 and 2) was well absorbed from the gastrointestinal tract and promptly controlled 
the symptoms of sprue. Subsidence of diarrhea, weakness, and apathy; consider 
able gains in weight, and laboratory evidence of improved intestinal absorption were 
the chief evidences of clinical remission. 

The oral administration of hydrocortisone free alcohol has no curative effects. The 
extent of remission varies with each patient. One to three weeks after cessation of 
this form of steroid therapy clinical relapses occurred despite continued administra 
tion of liver extract, vitamin By,., and/or folic acid. An etfort was therefore made 
to maintain therapy-resistant sprue patients on minimal doses of hydrocortisone 
free alcohol compatible with clinical control. 

At present it may be stated that because of the need of only small maintenance 
doses and the apparent absence of adverse effects of such doses given over prolonged 
periods of time hydrocortisone free alcohol represents a valuable therapeutic agent 
in intractable sprue. 

Dr. E. Alpert, Merck & Company, Inc., and Dr. David Klein, The Wilson Laberatories, 
provided hydrocortisone free alcohol and cortisone acetate, and corticotropin-gel, respectively. 
Helen Fung and Sarah Jane Baker gave technical assistance 





TREATMENT OF LEUKEMIA WITH TRIETHYLENE 
THIOPHOSPHORAMIDE (THIO-TEPA) 


Preliminary Results in Experimental and Clinical Leukemia 


HARRY SHAY, M.D. 
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IRVING WOLDOW, M.D 
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PHILADELPHIA 


T IS NOW nearly two hundred years since Horace Walpole coined the term 

serendipity, which he in part borrowed from the title of an old legend, the “Three 
Princes of Serendip,” who, so the story goes, went forth into the world and made 
discoveries of things they were not in search of through “chance” or “sagacity.”” The 
results that we have to report may well be considered as gains from serendipity, 
for they indirectly derive from attempts started about six years ago to produce 
glandular gastric cancer in rats by inducing gastric ulcer and instilling methylcho 
lanthrene daily into the stomach through a rubber catheter. No gastric cancers were 
produced in this manner, but instead from these experiments there developed two 
useful experimental tools, one, adenocarcinoma of the breast,’ and the other, four 
types of leukemia. These leukemias include an acute lymphatic * and a chronic 
myelongenous (chloro) leukemia,’ which have already been described, and an acute 
monocytoid myelogenous leukemia and a sarcoleukemia, which we have not as yet 
reported. All of these leukemias are transferable readily to very young (under 7 days 
of age) random-bred rats. The purpose of this communication is to present out 


preliminary experience in the treatment of two of these experimental leukemias, ot 


TN 


Research Fellow, Fels Research Institute (Dr. Sun) 

Read before the Section on Experimental Medicine and Therapeutics at the 102nd Annual 
Session of the American Medical Association, New York, June 3, 1953. 

From the Samuel S, Fels Research Institute and Temple University Hospital, Temple Uni 
versity School of Medicine, St. Christopher's Hospital and Einstein Medical Center, Northert 
Division. 

1. Shay, H.; Aegerter, E. A.; Gruenstein, M., and Komarov, S. A.: Development. ot 
Adenocarcinoma of the Breast in the Wistar Rat Following the Gastric Instillation of Methyl 
cholanthrene, J. Nat. Cancer Inst. 10:255, 1949. 

2. Shay, H.; Gruenstein, M., and Glazer, L..: Uniform Transfer to Random Bred Rats ot 
Lymphatic Leukemia Induced by Gastric Instillation of Methylcholanthrene, Proc. Soc. Exper 
Biol. & Med. 75:753, 1950. 

3. Shay, H.; Gruenstein, M.; Harris, C., and Glazer, L.: Transfer of Myelogenous Leukemia 
Induced by Gastric Instillation of Methylcholanthrene in Rats, Blood, 7:613, 1952. 
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human leukemias and other malignant lesions of the hemopoietic system, as well as 
of inoperable nonleukemic malignant lesions with triethylene thiophosphoramide 
(Thio-TEP.A),* whose possible usefulness was uncovered in the treatment of a 
number of experimental tumors,’ including the chronic myelogenous (chloro ) 
leukemia of the rat. 

\bout two vears ago, animals with the chloroleukemia were given to the Lederle 
Research Group, who have since transferred this leukemia to more than 4,000 rats 
which have served as test animals in their screening program of possible carcinolytic 
compounds. 

Among the compounds tested was triethylene thiophosphoramide. Its configu 
ration as well as its relation to methyl-bis (8-chloroethyl) amine hydrochloride 
(nitrogen mustard, HIN.) and some other ethylenimine derivatives that have been 


used clinically are shown below. 


Fig. 1—Chemical configurations of triethylene melamine, methyl-bis (8-chloroethyl) amine 
hydrochloride (nitrogen mustard), triethylene phosphoramide, and triethylene thiophosphoramide 


The Lederle investigators * treated leukemic rats with triethylene thiophosphora 
mide intraperitoneally every other day until nine injections had been given. The 
first and second doses were 3 mg. per kilogram body weight and subsequent doses 
were 1.5 mg. per kilogram. Peripheral counts that ranged from 50,000 to 300,000 
returned to normal levels of 10,000 within six days. However, differential smears 


might still reveal a few abnormal cells, and if treatment were discontinued entirely 


relapse would soon be apparent. When maintenance doses of the drug were admin 
istered at weekly intervals, the animals remained well and looked and behaved no 
differently from normal animals of the same age. 

Sa 

4. Dr. James Ruegsegger, Lederle Laboratories Division, American Cynamid Company, 
supplied the triethylene thiophosphoramide used in this study. 

5. (a) Williams, J. H.; McKenzie, D.; Halliday, S.; Personeus, G. B.; Stevens, M. L.:; 
Sparks, S. J.; Smith, S. G.; Troy, W. P.; Schurr, H. S.; Gleason, H. R.; James, E. R.; Moser, 
L.; Lydick, P.; Landes, M. J.; Eve, V.; Stick, P., and Vincent, N.: The Effect of a Series of 
Ethylene Amines Against Experimental Cancer, presented at the American Association for 
Cancer Research Meetings, New York, April 12, 1952. (b) Personeus, G.; Halliday, S. L.; 
McKenzie, D., and Williams, J. H.: Effect of a Series of Ethylenimine Derivatives Against 
Metastasizing Mammary Adenocarcinoma of the Rat, Proc. Soc. Exper. Biol. & Med. 81:614, 
1952. (c) Sparks, S. J.; Stevens, M. L.; Landes, M. J.; Halliday, S. L.; McKenzie, D., and 
Williams, J. H.: The Effect of a Series of Ethylenimine Derivatives on Myeloid Chloroleukemia 
in the Rat, to be published. 
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Fig. 2.—Hematologic response to oral therapy (initial and maintenance) with triethylene 


thiophosphoramide in a rat with chronic myelogenous (chloro) leukemia 





tap BS Cage 956 




















i. 


to triethylene thiophosphoramide of rat with acute monocytoid 


Fig. 3.—Failure of response 
The response of this leukemia and that of the chronic leukemia to this 


myelogenous leukemia. 
drug parallels the response of the acute and chronic leukemias in man. 





SHAY ET AL—LEUKEMIA-TRIETHYLENE THIOPHOSPHORAMIDE 631 


About eight months ago, having been shown animals treated with triethylene 
thiophosphoramide that were alive and well seven months after the controls were 
dead,” we began trial of the drug clinically and in our two types of rat myelogenous 
leukemia. ; 

It was our purpose to determine if the compound would be active when given by 
stomach catheter, in order to consider its suitability for oral administration clinically 
Furthermore, having the two varieties of experimental myelogenous leukemia avail 
able, we might determine if their response to the drug would parallel results obtained 
in the acute and chronic varieties in man. 

Figure 2 is illustrative of the results obtained in the treatment of animals with 


the chronic myelongenous (chloro) leukemia. It also shows the sustained effect of a 


TaB_e 1.—T7ypes of Malignant Lesions Treated with Triethylene Thiophosphoramide* 


Patients, No 


Acute blast cell leukemia 10 


Myeloblastie crisis 
Subacute myelogenous leukemia 


Chronic myelogenous leukemia. 

Monocytoid myeloid leukemia 

Chronic lymphocytic leukemia 
Lymphosarecoma 

Hodgkin's disease 

Reticuloendotheliosis 

Acute plasma cell leukemia 

Multiple myeloma 

Melanosarcoma .. mae P 

Breast carcinoma (recurrent with metastases) 
Primary hepatoma 

Carcinoma of esophagus... 

Carcinoma of lung 

Linitis plastica ‘ 

Diffuse abdominal carcinomatosis (primary site unknown) 


Ewing's sarcoma 


Total 


* Patients in this table who showed a good or limited response to triethylene thiophosphoramide are 


shown io Tables 2 and 3 
weekly maintenance dose. The average life span of rats with this leukemia untreated 
in our colony has been nine and seven-tenths days. 

Figure 3 is illustrative of the failure of the drug favorably to influence the course 
of the acute monocytoid myelogenous leukemia even when treatment was supple- 
mented with cortisone. The average life span of untreated animals with the acute 
leukemia is eight days. The drug increased the life span in the treated group to only 
19.5 days. The ability of triethylene thiophosphoramide to bring about an essentially 
normal peripheral leucocyte picture in the chronie form and its failure materially to 
alter the high percentage of blast cells in the acute form are strikingly demonstrated 
in the two charts. From the standpoint of suitability of these two leukemias as 
experimental tools, it is of especial interest that acute and chronic leukemias in man 
have shown essentially similar responses to this drug. The studies with the experi 


mental leukemias will be reported in detail elsewhere. 
—_—_—_—_ 


6. Sparks, S. J.: Personal communication to the author 
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triethylene thiophosphoramide has been administered to 49 patients (Table 1) 


For all pretreatment bone marrow and peripheral blood studies, as well as routine laboratory 
The blood studies were repeated daily, and bone marrow aspirations 


examinations, were don 


TABLE 


Patient Diagnosis 


P. a Subacute 
myelogenous 
leukemia 
Chronie 
myelogenous 
leukemia 


DR 


Chronie 
myelogenous 
leukemia 


Chronic 
myelogenous 
leukemia 
Chronic 
myelogenous 
leukemia 
Chronie 
lymphatic 
leukemia 
Chronie 
lymphatic 
leukemia 


Chronie 
lymphatic 
leukemia 


Chronie 
lymphatic 
leukemia 
Chronic 
lymphatie 
leukemia 
Hodgkin's 
disease 
Chronie 
lymphatic 
leukemia 


Multiple 
myeloma 


Carcinoma, 
breast re 
currence, 
metastatic 
Carcinoma, 
breast re 
currence, 
metastatic 


Patients Showine 


Period 
Since 
Treatment 
Started, 

Wk 


Total 
Dose, 
Mg." 
55 1. M 4 
130 0 
651. 
“5 T.V 
wogo 


Good ‘Response to Triethylene 


Thiophosphoramide (Thio-T EPA) 


Comment 


Good clinical and hematologic re 
sponse; see case report 

Duration 3% yr.; previous treatment 
urethan, x-ray 3 times, potassium 
arsenite, fp aminobenzoie acid, refrae 
tory: good clinical and hematologic 
response with Thio-TEPA 
Refractory to x-ray, urethan, and 
nitrogen mustard before Thio-TEPA 
was given; W. B. C. reduced from 
100,000 to 6,400; spleen reduced; good 
clinical response 

Good elinieal and hematologic re- 
sponse; no previous treatment 
undergone excellent hematological 
see cuse report 


Has 
remission; 


Good clinical and hematologic re- 
sponse; see case report 
Striking reduction in tumor masses; 
good clinical remission; has remained 
in remission, no further therapy after 
first 30 days 

Refractory to x-ray, urethan; tumor 
masses and W. B. C. count reduced 
very effectively after 19 days treatment 
(185 mg.) but depression of marrow 
with anemia and thrombopenia devel- 
oped; drug stopped; marrow recovered 
in about 30 days and patient is still in 
excellent remission 

Good clinical and hematologie remis 
sion; short period of thrombocyto 
penia with spontaneous correction 

No previous therapy; good remission 
after 6 days of Thio-TEPA and total 
dose of 35 meg. 

Excellent remission; see case report 


Refractory to x-ray and TEMt; with 
Thio-TEPA, tumor masses and W. B.C 
count reduced strikingly (352,000 to 
15,000); discharged from hospital 2/22/58 
in good clinical and hematological re 
mission; returned 3 days later with ful 
minating pneumonia and died 

Complete relief from pain; gain of 

1.8 ke.; no change in X-ray appearance 
of bone lesions this time 
Disappearance of metastatic axillary 
nodes as well as recurrent skin nodule 
in operative sear 

mnetastasis 


Decrease in size of axillary 


and nodules in sear 


for whieh no route is 


*T. M. = intramuscularly; I. V intravenously; O oral administration. Doses 
indicated were given parenterally 


*TEM triethylene melamine 
were done at appropriate intervals throughout treatment. Urinalysis and complete liver function 
profiles were obtained before treatment was started and at intervals during treatment. 


Method of Treatment 


chloride solution in a concentration of 10 mg. per cubic centimeter, sterilized by filtration through 
. 


lriethylene thiophosphoramide is dissolved in sterile isotonic sodium 
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4 sintered glass filter, tested for sterility by culturing in thioglycolate medium, and stored in 


rubber-capped sterile vials at 5 C.7 It has been administered to patients intramuscularly ot 


intravenously, usually in doses of 2, 5, or 10 mg., the size of any one dose depending on the 
hematological findings in the course of treatment 


Intramuscularly it is administered undiluted. For intravenous use the amount of drug to be 


vial of isotonic sodium chloride solution, the contents of which may 


given is added to a 10 cc 
untoward reaction 


then be injected in a period of two minutes without anticipation of any 
The intervals between injections were guided 


Injections were given daily or at longer intervals 
by the hematological response. The total dose of triethylene thiophosphoramide administered 


varied widely, depending on the condition being treated as well as upon the hematological 
response. Table 1 lists the types of disease and the number of patients with each treated 
lables 2 and 3 give a few details of those cases in which there was a good or a limited response 


to the drug 
PaBLe 3.—Patients Showing Limited Response to Triethylene Thiophosphoramide (Thio-TEPA) 


Period 
Since 
Treat 
Total ment 
Dose, Started, 
Mg Wk Comment 
D.S Chronie myelogenous 12 Exeellent initial results; treatment some 
leukemia what intermittent; acute myeloblastic 
crises; death in 5 days after development 
of acute phase from rupture of spleen 
Admitted to hospital virtually blind, 
could only distinguish light; W. B.C 
750,000; vision improved after 5 days of 
therapy and returned completely after & 
days; acute bilateral obstructive uropathy 
developed; autopsy, dilated ureters, pelvis 
and calyces filled with urie acid stones, 
obviously of fairly long duration and cer 
tainly not due solely to rapid cytolysis 
possibly contributed by the drug 
Partial remission still in effect; Thio- 
TEPA being continued 
Good short remission with Thio-TEPA 
and cortisone; relapse 1/26/53, further 
therapy ineffective 
Partial clinical remission 


Patient Diagnosis 


Chronie myelogenous 
leukemia 


Chronie monocytoid 
myelogenous leukemia 


Acute myeloblastic 
crisis, chronie 
myelogenous leukemia 
Acute stem cell 
leukemia 


Hodgkin's disease Striking decrease in size of softer lymph 


nodes; no effeet on pain in right hip or 
on size of firm nodes; treatment inade 
quate, stopped at end of 2 weeks 

Good clinical response and marked re 


Chronie myelogenous 
duetion of large firm spleen 


leukemia 
myeloid metaplasia 


RESULTS OF THERAPY 
Subacute and Chronic Leukemias.—Triethylene thiophosphoramide appears to 
have its most favorable action in subacute and chronic leukemia. 


Chronic Lymphatic Leukemia.—T. L., whose treatment was started on Oct. 24, 1952, was a 
50-year-old white man with chronic lymphatic leukemia. He had noted progressive lymph 
adenopathy for one year, and weakness and easy fatigability for three months prior to his 
admission to Temple University Hospital. In recent months, he had had abdominal discomfort 
and epigastric fullness after meals. There was only slight weight loss, but episodes of profuse 
sweating were occurring with increasing frequency. A lymph node biopsy was taken at another 
hospital, where the diagnosis of lymphosarcoma was made. 

The pertinent physical findings on his present hospital admission included a generalized 
lymphadenopathy, with walnut-sized masses of nodes in each axilla and a protuberant abdomen 
Ee 

7. Dr. Morton Klein, Associate Professor of Bacteriology, prepared the sterile solutions 


of the drug. 
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The latter proved to be due to a firm upper abdominal mass that extended down to about 2 in 
(5 cm.) below the umbilicus in the midline. Although the mass moved with respiration, it was 
obviously not the spleen and was thought to represent a large mass of abdominal lymph nodes 
The peripkeral blood and marrow findings were interpreted as indicating a rather active 
chronic lymphocytic leukemia. In Figure 4 are summarized some of the pertinent hematological 
findings during the eariy period of treatment, to Dec. 7, 1952. Subsequently, he continued in 
excellent clinical and hematological remission on maintenance doses of the drug. Ten milligrams 
were given intravenously at two-week intervals if the white blood cell count rose above 12,000 
Results of blood studies on April 20, 1953, were as follows: hemoglobin 15.3 gm., red blood cells 
5,620,000, platelets 208,000, hematocrit level 50%, white blood cells 9,500. Results of liver func 
tion tests, consisting of serum bilirubin fractionation ; cephalin-cholesterol, colloidal gold, thymol 


Ji = M SOyrs Chrome Lymphoat 


16,000 
‘ 
TmolE PA 
-5mg 











OU Gromio- @ Mononuclear immoture forms | Disintegroted 


LL QL 


13 4 16 23 24 25 26 27 2629 30N |i 2 45 6 @ 9 10 1 12:13 14:15 16 17 1819 20 2) 2b 232425 26)! 3 5 0 6 IP RAP 
- OCTOBER | NOVEMBER —p—-— 20 





Fig. 4.—Hematologic response of patient with chronic lymphatic leukemia to treatment with 
triethylene thiophosphoramide. 


turbidity, 18-hour turbidity ratio, and gamma globulin flocculation tests; determinations of 
serum alkaline phosphatase, total serum cholesterol and cholesterol esters, and sulfobro- 
mophthalein (Bromsulphalein) retention, were within normal limits at the time triethylene 
thiophosphoramide was started six months ago and have remained so when repeated after three 
months and six months of treatment. 

This patient, when examined last for this report, on April 20, 1953, six months after treatment 
with triethylene thiophosphoramide was started, had no complaints, was eating well, had gained 
more than 13 Ib. (5.9 kg.), from his low point of 122 Ib. (54.9 kg.) while in the hospital, and 
had returned to his job for over four months. On physical examination nothing abnormal could 
be palpated in the abdomen and the large masses of axiliary lymph nodes were now represented 


by several discrete nodes in each axilla, with the largest one about the size of a small filbert 


kernel. For the past month, this patient has been maintained on oral therapy, a 10 mg. tablet 
once a day. He is apparently continuing in good remission on this regimen and has had no 
symptoms that might be attributed to taking the drug in this dosage. 
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Subacute Myelogenous Leukemia.—Patient P. H., a girl aged 11 years, was first admitted to 
St. Christopher’s Hospital on Sept. 29, 1952, because of pain in the right hip which started about 
three weeks earlier and was so severe that the child could not walk. There were no other com 
plaints. The blood count showed 360,000 white blood cells per cubic millimeter, and the tip of 
the spleen was felt 15.0 cm. below the costal margin. Bone marrow aspiration was done and 
showed the picture of a subacute myelogenous leukemia. Treatment with urethan, 0.75 gm. daily, 
was started and continued for 12 days with no appreciable therapeutic effect. The dose of urethan 
was increased to 1.5 gm. daily for 14 days more but without any improvement in the blood cell 
count or clinical picture. On Nov. 4, 1952, the spleen had not changed in size and the liver edge 
was palpable 1.5 cm. below the costal margin. On this day, triethylene thiophosphoramide was 
started. The dosage and hematological changes from Nov. 4, 1952, to Jan. 7, 1953, are shown 
in Figure 5. The child has shown an excellent response clinicaily; the pain in the hip disappeared 
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Fig. 5.—Hematologic response of patient with subacute myelogenous leukemia to treatment 
with triethylene thiophosphoramide. 


five days after treatment with triethylene thiophosphoramide was started; she is now (April 24, 
1953, when last examined for this report) normally active and has gained 14 lb. (6.3 kg.), while 
the tip of the spleen is palpable only about 2 cm. below the costal margin and the liver edge is 
no longer felt. She has been back at school taking a full schedule including play period for the 
past five months. Results of blood studies at this time (April 24, 1953) are hemoglobin 13.2 
gm.; white blood cells 16,800 per cubic millimeter; platelets 556,000, and the differential cell 
count 87% granulocytes, 3% immature forms, and 13% mononuclear cells. She has continued 
on maintenance doses of triethylene thiophosphoramide, 10 mg. intramuscularly approximately 
once a week. She was placed on oral therapy for a short time, but this did not keep her leukemia 
under control. On March 28, her white blood cell count was 13,150. She was given a 10 mg. 
tablet orally every 3rd day, and 8 days later, on April 6, the count was 16,800. The oral dose 
was increased to 10 mg. every other day, and on April 11 the white blood cell count rose to 
42,450. The dose was then increased to 20 mg. triethylene thiophosphoramide daily for five days 
While the white blood cell count on April 16 showed a decrease to 33,000, the larger dose of 
drug had caused vomiting. On April 16 the patient was given 15 mg. intramuscularly without 
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any immediate reaction, and on April 24 the white cell count was again down to 16,800. It is 
significant that in this child, who has now been under treatment for six months, the leukemia 
shows no indication of escaping from control by the drug, even though on two occasions in the 
course of treatment inadequate therapy was accompanied by a sharp rise in white cell count 
The patient is now back on her intramuscular 10 mg. maintenance dose once a week. 

The case of A. B., a man aged 30 years, illustrates how rapidly changes in a chronic myeloge 
nous leukemia may be produced with this drug. In January, 1951, he noticed a bruise on his 
chin which remained for about a week. About the same time, fatigue developed, and in February, 
1951, the patient’s wife noticed that his abdomen was enlarged. However, a blood cell count was 
not done until July 1951. It showed a white cell count of 200,000, and a diagnosis of chronic 
myelogenous leukemia was made. Since then the patient has received P*?, sodium pteroyl 


TasLe 4.—Dosage of Triethylene Thiophosphoramide (Thio-1 PA) and Results of Blood Studies 
in Patient A. B., with Chronic Myelogenous Leukemia 
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* Bone marrow findings on April 2, 1953: neutrophiles 66.2% (segmented 25.4%, bands 29.4%, juveniles 11.4%); 


myelocytes 11.0% (neutrophiles 9.6%, eosinephiles 1.4%); promyelocytes 0.4%, blast forms 0.8%, lymphocytes 1.0%, 
monocytes 0.4%, eosinophiles 3.6%, basophiles 0.2%, histiocytes 0.2%, normoblasts 15.0%, erythroblasts 1.2%; ery 
throid-myeloid ratio 1 to 5.2; megakaryocytes present. This bone marrow is compatible with that of myelogenous 
leukemia. 


triglutamate (Teropterin), triethylene melamine twice, x-ray to spleen three times, radioactive 
gold intravenously, large doses of specially prepared yeast (Merck), and corticotropin (ACTH), 
none of which produced either a striking reduction in size of the large spleen or a satisfactory 
hematological remission. On Feb. 12, 1953, when the white cell count was 125,000, the patient 
was given two doses of triethylene thiophosphoramide at another institution, 5 mg. on Feb. 12 
and 10 mg. on Feb. 19 intramuscularly. When the white cell count rose to 150,000, x-ray to the 
spleen was again administered, 250 r from Feb. 27 to March 4; this treatment, however, failed 
to reduce the white cell count and triethylene thiophosphoramide was again started. From 
March 19 to March 26 the patient received 70 mg. of triethylene thiophosphoramide intramus 
cularly. The white cell count was reduced to 100,000 on March 26, 1953. 

On April 2, 1953, the patient was referred to us for review and consideration for further use 
of triethylene thiophosphoramide. The spleen in the nipple line measured 7 cm. above the costal 
margin and 15 cm. below it, while the lower border of the liver was palpable 5.5 cm. below the 


costal margin and the upper border of liver dullness extended to 10 cm. above this margin 


Table 4 gives the dosage of drug, avenue of administration, and blood cell counts. The change 
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in blood cell count was accompanied by a striking reduction in size of liver and spleen within 


38 mg. of triethylene thiophosphoramide intravenously. 


three weeks of treatment and after only 
In addition to the very satisfactory hematological response, the patient feels clinically well, his 
appetite is good, and he has gained 3 Ib. (1.3 kg.) in the three weeks since starting on his present 


course of triethylene thiophosphoramide. At this time, his spleen measured 6.5 cm. above and 


below the costal margin in the nipple line. It is especially interesting to note that after the 
second intravenous dose of the drug the patient volunteered the information that the tension 
and pressure in his abdomen was noticably reduced. 

Hodgkin's Disease —N. W. is a 20-year-old girl for whom the diagnosis of Hodgkin's disease 


was made from a lymph node biopsy about a year previous to her present admission to the 
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Fig. 6.—Hematologic and temperature response to triethylene thiophosphoramide in a patient 
with Hodgkin’s disease previously treated twice with x-ray 


Northern Division of the Einstein Medical Center. X-ray therapy had induced two remissions, 
the last one in October 1952. In December a relapse occurred, ushered in with high fever, cough, 
malaise, weakness, and pain in the back. Moderate anemia and a leucocyte count of 20,000 per 
cubic millimeter were found at this time 

Treatment with triethylene thiophosphoramide, as indicated in Figure 6, was begun on 
Dec. 19, 1952. The back pain disappeared, the temperature returned to normal, the leucocyte count 
dropped to 8,500 cells per cubic millimeter, and there was general clinical improvement. Coinci 
the size of a retroperitoneal tumor mass as outlined by 
April 19, 1953, 


dent with these changes, a decrease in 
urography (Fig. 7) as well as of a mediastinal mass (Fig. 8) has occurred. As of 
the patient is in complete clinical remission and is receiving 5 to 10 mg. of triethylene thiophos 


phoramide intramuscularly every two wecks as a maintenance dose 
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Lymphosarcoma.—Triethylene thiophosphoramide has been less effective in 
lymphosarcoma. 

G. M., a 5-year-old boy, had an upper respiratory infection in early September 1952, from 
which he made an uneventful récovery. On Oct. 2, 1952, his mother noticed swelling on both 
sides of the neck and a cough developed. Pleural effusion app ared on the left side, and repeated 
thoracentesis became necessary. He was admitted to the hospital on Oct. 20, 1952. Bone marrow 
on aspiration showed extensive lymphomatous involvement interspersed with considerable normal 
marrow elements. 

Large masses of enlarged anterior and posterior cervical lymph nodes were present. The left 
hemithorax appeared to be completely involved in an extensive effusion, and the mediastinum 
was shifted to the right. The spleen was palpable 6.0 cm. and the liver 1 cm. below the left and 
right costal margins, respectively. There was bilateral axillary and inguinal lymphadenopathy 


A 


Fig. 7.—Intravenous urograms showing (4) displacement of upper portion of ureter by tumor 
mass and (/}) disappearance of the mass after treatment. 


At the time of admission, except for a severe cough and rapid respiration, the child had no 
specific complaints. On an x-ray film of the chest after thoracentesis, the mediastinum measured 
10.5 em. in width 

Triethylene thiophosphoramide was started on Nov. 1, 1952, and the hematological findings 
are shown in Figure 9 until Jan. 6, 1953, 

Under treatment, the periphera! nodes underwent very marked regression. By Nov. 9, 1952 
18 days after treatment with triethylene thiophosphoramide was started, the child felt well; his 
cough, while still present, was less troublesome, and a remarkable decrease in the cervical 
adenopathy had occurred so that only a few remnants less than 0.5 cm. in diameter could be 
palpated, in comparison with nodes that had originally measured 2 by 2 by 2 cm. The spleen 
was palpable less than 1.0 cm. below the costal margin. However, because of the degree of 
depression of the peripheral white cell count we could not administer the drug as frequently as 
previously. Although the rate of accumulation of fluid in the left side of the thorax decreased, 
there was no appreciable decrease in the size of the mediastinal mass, and by Jan. 6, 1953, this 


mass appeared to be larger than previously. On Jan. 7, 1953, x-ray studies also showed a retro 
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Fig. 8.—Chest x-ray (4) before and (B) four weeks after triethylene thiophosphoramide 
was started. Note change in mediastinal shadow 
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pharyngeal mass as well as what appeared to be an abdominal mass behind the stomach. Local 
x-ray therapy was started at this time. While this produced a decrease in the masses noted, 
the patient continued a downhill course and died on Feb. 21, 1953, following the onset of ar 
acute re spiratory obstruction 

Acute Leukemia.—Results that have been almost completely discouraging have 
occurred in the treatment of the acute leukemias. These results are illustrated by the 
following case. 


> 


J. B., a boy aged 30 months, was in good health until Sept. 4, 1952, when his parents noticed 
the appearance of bruises which failed to clear. A diagnosis of leukemia was made from a blood 
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Fig. 9—Hematologic response to triethylene thiophosphoramide in a patient with lymphosarcoma 


count at a Scranton Hospital. He was treated with cortisone, transfusions, and 4-aminopteroy] 
glutamic acid (Aminopterin) and was doing well until Oct. 15, when hematuria appeared and 
continued until Oct. 22. The child was listless and exhausted. On Oct. 24, an upper respiratory 
infection developed and was treated with oxygen, oxytetracycline (Terramycin), and penicillin 
The patient received three more blood transfusions, of 250 cc. each, between Oct. 26 and Oct. 31. 
He appeared to improve and was discharged to his home on Nov. 4. On Nov. 13, he was 
readmitted to the Scranton Hospital with a high fever and was again treated with antibiotics 
and transfusions, and on Noy. 19 he was transferred to St. Christopher's Hospital. 

On admission the child was pale, apprehensive, and sweating profusely. There was bilateral 
anterior and posterior cervical lymphadenopathy as well as enlargement of the axillary and 
inguinal lymph nodes. The liver edge was palpable 3.5 cm. and the spleen 12.0 cm. below the 


right and left costal margins, respectively. Many petechiae and ecchymotic areas were scattered 
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over the entire body and were especially marked over the lower extremities. The temperature 
was 101 F. Marrow aspiration and peripheral blood findings confirmed the diagnosis of an acute 
stem cell leukemia. Treatment with triethylene thiophosphoramide was begun on Nov. 15, and 
dosage as well as hematological findings are shown in Figure 10. 

The patient seemed to improve somewhat clinically until Nov. 29, at which time his peripheral 


lymph nodes had decreased in size considerably and the spleen was palpable only 5 cm. below 
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Fig. 10.—Failure of triethylene thiophosphoramide favorably to modify the course of acute 
leukemia 
the costal margin. The next day jaundice first became: evident-and tarry stools, which had 
occurred previously, increased in frequency. From this point, the course continued progressively 


downhill, and the child died on Dec. 2, 1952. 


We know from repeated bone marrow studies in cases of acute stem cell leukemia 
that triethylene thiophosphoramide may rapidly eradicate the malignant bone marrow 
but in doing so leaves too little effective marrow to support the body’s needs. If 
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<& 


measures can be devised to stimulate normal regeneration and at the same time more 
slowly destroy the malignant marrow tissue with carefully gauged doses of the drug 
given to these patients, perhaps some use for this drug in acute leukemias may be 
found. Such supplementary therapy has been tried with cortisone, without appre 
ciable benefit to the patient. 

Of the nonleukemic patients with inoperable malignant disease treated thus 
far, most have had such advanced metastatic disease that no alteration in the 
inexorable progress of the disease could possibly be expected. Of the 12 patients, 
however, 3 have shown what appears to be a slowing up of the course of the disease. 
and two of these have shown striking clinical and objective improvement. Both are 
patients who have had radical mastectomy for adenocarcinoma of the breast and have 
had recurrence in the scar, and adjacent skin seeding with metastatic axillary 
Inasses. 

COM MEN 

The clinical application of triethylene melamine by Karnofsky, Burchenal., 
Khoads, and their associates,* following the discovery of its nitrogen-mustard-like 
effects on experimental tumors and leukemia in mice,’ introduced an agent that was 
not only effective when given by mouth but also one that produced toxic manifesta- 
tions of nausea and vomiting to a much less degree. Although the development of 
this compound involved perhaps no new principle of tumor chemotherapy, it did 
represent a significant advance in practical management. In view of the oncolytic 
action of triethylene melamine, other ethylenamine derivatives, including a number 
of phosphoramides, were prepared by the research staff of the Caleo Chemical 
Division of the American Cynamid Company, among which the action of triethylene 
phosphoramide has been studied in a variety of mouse and rat tumors by Buckley 
and his associates '° and by Sugiura and Stock '! and results of its clinical application 
have been reported recently by Farber and his associates '* and by Sykes, Karnofsky. 


Philips, and Burchenal.'* 


8. Karnofsky, D. A.; Burchenal, J. H.; Armistead, H. C.; Southam, C. M.; Bernstein, 
J. L.; Craver, L. F., and Rhoads, C. P.: Triethylene Melamine in the Treatment of Neoplastic 


Disease: Compound with Nitrogen-Mustard-Like Activity Suitable for Oral and Intravenous 
Use, A. M. A. Arch. Int. Med. 87:477, 1951. 

9, Lewis, M. R., and Crossley, M. L.: Retardation of Tumor Growth in Mice by Oral 
Administration of Ethylenimine Derivatives, Arch. Biochem. 26:319, 1950. Burchenal, J. H. 
Crossley, M. L.; Stock, C. C., and Rhoads, C. P.: The Action of Certain Ethylenimine 
(Aziridine) Derivatives on Mouse Leukemia, ibid. 26:321, 1950. 

10. Buckley, S. M.; Stock, C. C.; Parker, R. P.; Crossley, M. L.;Kuh, E., and Saeger, 
D. R.: Inhibition Studies of Some Phosphoramides Against Sarcoma 180, Proc. Soc. Exper 
Biol. & Med, 78:299, 1951. 

11. Sugiura, K., and Stock, C. C.: The Effect of Methylbis (8 Chlorethyl) Amine Oxide, 
N,N’,N”,-triethylene Phosphoramide and N,N-diethyl-N’,N”-diethylene Phosphoramide on the 
Growth of a Variety of Mouse and Rat Tumors, Abstracted, Cancer Research 12:300, 1952. 

12. Farber, S.; Appleton, R.; Downing, V.; Heald, F.; King, J., and Toch, R.: Clinical 
Studies of the Carcinolytic Action of Triethylene Phosphoramide, Cancer 6:135, 1953. 

13. Sykes, M. P.; Karnofsky, D. A.; Philips, F. S., and Burchenal, J. H.: Clinical Studies 
on Triethylenephosphoramide and Diethylenephosphoramide: Compounds with Nitrogen Mus- 
tard-Like Activity, Cancer 6:142, 1953. 
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The possible usefulness of the sulfur derivative, triethylene thiophosphoramide, 


was uncovered as described above, and we have recently reported its effects in both 
chronic and acute myelogenous leukemia in rats '* when it is administered intra 
yenously or by stomach catheter. 

Since the activity of triethylene thiopltosphoramide is dependent upon its con 
tained ethylenimine residues, it was reasonable to assume that it might have rather 
marked cytotoxic and tumor inhibitory action in the animal, since it contains three 
such residues. Burchenal and his associates ‘° and Hendry and his associates '* have 
both stressed the importance of at least two ethylenimine residues in the molecule 
as a requisite for satisfactory oncolytic activity. 

Hendry, Homer, Rose, and Walpole '® from results obtained with ethylenimine 
derivatives attribute their cytotoxic action primarily to changes produced in the 
chromosomes and preferentially, if not exclusively, directed towards dividing cells 
his action, however, is not restricted to malignant cells but extends to proliferating 
cells of all types. Narnofsky and his associates '* from a study of the action of the 
standard nitrogen mustards upon tumors in mice and in tissue culture could find 
nothing to suggest that these substances had a substantially selective effect upor 
neoplastic cells, and Farber and his associates '* have stressed bone marrow depres 
sion as the most significant toxic manifestation of triethylene phosphoramide. While 
depression of bone marrow may also be produced by triethylene thiophosphoramide, 
it is nevertheless possible to administer triethylene thiophosphoramide with safety 
to the patient if the dose employed is selected for the patient and is controlled by 
careful hematological studies, just as Farber and his associates '* found to be true 
for triethylene phosphoramide. Furthermore, if undue bone marrow depression does 
become evident, such depression is readily reversed by withholding the drug (sec 
Fig. 9, Nov. 16 to Nov. 25). 

However, with respect to immediate toxicity after administration, which action, 
we believe to be of a different nature from that of depression of the bone marrow, 
triethylene thiophosphoramide is remarkable in that it has produced no nausea or 
vomiting, has caused no venous thrombosis when administered intravenously, and 
has not even caused local pain when injected intramuscularly. 

Patients under treatment with triethylene thiophosphoramide, especially if the 
white blood cell count is very high, should be kept on a high fluid intake as well as 
on medication to maintain the reaction of the urine above pl1 7.0. Rapid cytolysis 
in such patients may lead to the formation of uric acid urinary calculi, which can 
produce obstructive uropathy. 

While triethylene thiophosphoramide differs from triethylene phosphoramide 
only in the replacement of a double bond oxygen atom in the molecule by a sulfur 
atin 

14. Shay, H.; Gruenstein, M., and Atwater, J.: Study of Effects of Triethylenethiophos 
phoramide (Thio-TEPA) in 2 Varieties of Myelogenous Leukemia in Rats, abstracted, Pro 
Am. Assoc. Cancer Research 1:50, 1953. 

15. Burchenal, J. N.: Johnston, S. F.; Crener, M. A.; Webber, L. F., and Stock, C. C. 
Chemotherapy of Leukemia: V. Effects of 2,4,6-Triethylenimino-s-Triazine and Related Com 
pounds on Transplanted Mouse Leukemia, Proc. Soc. Exper. Biol. & Med. 74:708, 1950. 

16. Hendry, J. A.; Homer, R. F.; Rose, F. L., and Walpole, A. L.: Cytotoxic Agents: III 
Derivatives of Ethylenimine, Brit. J. Pharmacol. 6:357, 1951. 

17. Karnofsky, D. A.; Burchenal, J. H.; Ormshee, R. A.; Cornman, I., and Rhoads, C. P. 
Approaches to Tumor Chemotherapy, American Association for the Advancement of Science, 
1947, p. 293. 
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atom, this ditference appears to contribute some change in action 1f we compare the 
sustained beneficial effects which triethylene thiophosphoramide has thus far main 
tained in the treatment of our patients with chronic leukemia with the very limited 
response of similar patients treated with triethylene phosphoramide."* 

itqual in significance to the results which we have obtained in the treatment of 
the chronic leukemias with this compound has been the response in the two patients 
with recurrent and metastatic breast carcinoma following radical removal of the 
primary breast lesion. The disappearance of the metastatic axillary mass and the 
gradual sloughing and healing of the recurrent malignant lesions in the operative 
sear, complete in one and thus far partial in the other, has presented a striking 
therapeutic result. Here, too, however, we would emphasize that treatment has only 
lasted over a few months, and whether all malignant cells can be eliminated or held 
in check indefinitely still remains to be determined. 

Clinical experience with the use of triethylene thiophosphoramide has been too 
short in time and the cases treated too few to permit any definitive statement as to 
its ultimate value at this time, but, from our experience thus far, we believe tri 
ethylene thiophosphoramide shows promise of being an important addition to the 


chemotherapy of leukemias and possibly of other neoplastic diseases. 


SUMMARY 


Since this preliminary report represents a clinical experience with the drug of 


only six months’ duration, the following comments are presented merely as some of 


our impressions of the value of triethylene thiophosphoramide at this time. These 
are derived from the treatment of 49 patients, 39 with malignant disease originating 
in the hemopoietic system and 10 with other inoperable malignant lesions. 

Triethylene thiophosphoramide is a suppressive drug effective in the control of 
the chronic leukemias but is not a cure. 

Administered intravenously or intramuscularly in the dosages recorded, it is 
remarkably free of any immediate toxic effect, such as nausea, vomiting, or even 
local pain following injection. No local venous thrombosis has occurred from its 
administration intravenously. 

Manifestations of the cytotoxic action of the drug are most striking in the acute 
leukemias. However, the rapid destruction of primitive leukemic elements has not 
heen followed by any favorable response in the acute leukemias. Triethylene thio 
phosphoramide, therefore, does not appear to be of any value in the management of 
the acute leukemias. 

The most gratifying results with this drug have been achieved in the chronic 
leukemias (myelogenous and lymphatic). Some patients apparently refractory to 
other forms of antileukemic therapy had satisfactory clinical and hematological remis 
sions under triethylene thiophosphoramide therapy. These changes have been accom 
panied by surprising reductions in the size of very firm spleens, which did not occur 
with a symptomatic response in these patients obtained with other agents prior to 
the use of triethylene thiophosphoramide. 

Since individual responses to the drug have varied, no fixed dosage schedule can 
be outlined at present. Best results have followed from daily administration of the 
ee 


18. Farber and others.'* Sykes and others.'8 
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drug initially, guided by daily consideration of the hematologic picture. Subse 


quently, maintenance dosage must be established for each patient, and the frequency 


of blood counts can be reduced accordingly. 

There appears to be a reasonable margin of safety between the “effective” thera 
peutic dose of the drug and that dose which will produce undue bone marrow 
depression. 

Preliminary studies following the administration of the drug by stomach catheter 
have shown it to be effective in our chronic myelogenous leukemia in rats. The 
effectiveness of the drug clinically after oral administration is being studied. Of three 
patients who were shifted from parenteral therapy to oral administration, one with 
chronic lymphatic leukemia appears to continue to do weli; two with chronic 
myelogenous leukemia are showing a good response, while patient P. H., with 
subacute myelogenous leukemia, did poorly on oral medication but again responded 
well to intramuscular injections 

The encouraging response of two patients with recurrent and metastatic adeno 
carcinoma of the breast would certainly warrant continued investigation of the 
possible action of triethylene thiophosphoramide in other patients with inoperable 
malignant lesions. 

Since triethylene thiophosphoramide is only suppressive and not a cure, possible 
resistance to the drug which may develop in the malignant cell after prolonged 


therapy is yet to be determined. 
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HIS REPORT evaluates the use of phenylbutazone (Butazolidin) for 800 
patients with a variety of diseases. It covers a period of 30 months, from 
November 1950 to May 1953. During the first eight months phenylbutazone was 
used with equal parts of aminopyrine as a mixture known in the United States 
as Butapyrin and in Europe as Irgapyrin. Vhenylbutazone was first synthesized 
by H. Stenzl in the laboratories of the J. R. Geigy Company, Basle, Switzerland. 
The chemistry and pharmacology of this pyrazole have been reported elsewhere.’ 
Since numerous clinical reports have described the therapeutic benefits of 
sutapyrin in rheumatic diseases, it was felt desirable to evaluate the results of 
using phenylbutazone alone. At the request of the authors this compound was 
made available for clinical trials. After July 1951 phenylbutazone was used alone 


orally and intramuscularly. In previous communications! the therapeutic value 
and the toxicity of phenylbutazone and of Butapyrin in gout and various rheumatic 
diseases have been described. The present report is an expansion of our earlier 


investigation. 
sialic 

Dr. Windsor C. Cutting, Professor of Pharmacology and Therapeutics, gave advice. 

This paper was presented before the American Rheumatism Association, New York, 
May 29, 1953. 

From the Department of Pharmacology and Therapeutics, Rheumatic Disease Study Group, 
Stanford University School of Medicine 

The handling of our data was facilitated by the use of punched cards. Dr. L. E. Moses, of 
the Department of Statistics, helped us in the statistical treatment of the data. 

Dr. Albert Hemming, of Geigy Pharmaceuticals, New York, gave advice during the course 
of this study, and Grants-in-aid were received from Geigy Pharmaceuticals, Division of Geigy 
Company, Inc. 

1. (a) A review of the previous European literature is given in our first reference, in The 
Journal of the American Medical Association. Since the present report is essentially a statistical 
evaluation of our own experience, we have not referred to recent publications by others. 
Kuzell, W. C.; Schaffarzick, R. W.; Brown, B., and Mankle, E. A.: Phenylbutazone (Buta- 
zolidin) in Rheumatoid Arthritis and Gout, J. A. M. A. 149:729, 1952. (b) Kuzell, W. C.., and 
Schaffarzick, R. W.: Phenylbutazone (Butazolidin) and Butapyrin: Study of Clinical Effects 
in Arthritis and Gout, California Med. 77:319, 1952; (c) Phenylbutazone (Butazolidin), Bull. 
Rheumat. Dis. 3:23, 1952. 
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CLINICAL METHOD AND MATERIAL 


Dosage of Phenylbutazone—For the most part, phenylbutazone was administered orally in 
coated tablets containing 100 or 200 mg. or in capsules containing 200 mg. It was given intra- 
muscularly in a 20% solution of the sodium salt alone or, because of pain at the site of injection, 
in combination with local anesthetics. The usual intramuscular dose was 1 gm. 

In the early months of this study oral dosage ranged from 100 to 1,600 mg., but eventually 
the average daily dosage rarely exceeded 600 mg. The administration of phenylbutazone in 
gelatin capsules or in lightly to heavily coated tablets did not result in any appreciable difference 
in therapeutic benefit or toxic effect. 

More rapid clinical improvement usually followed intramuscular rather than oral administra- 
tion, despite the published reports indicating the more rapid rise of blood levels of phenylbuta 


zone following oral administration. 2? Intramuscular administration was most commonly employed 
in treatment of acute gout and painful shoulder, in which cases daily injection of 1 gm. for one 


to three days was usually sufficient for relief of symptoms. 


TaBLeE 1.—Duration of Treatment with Phenylbutazone in 800 Patients 


Patients, No. 
Days, No. 


Disorder 
Gout 
Rheumatoid arthritis .. 
R.A. of the spine * : 
RA. WH POOTIOMB 60.500 00sec 
Painful shoulder 
COCSORTERTHD sccesiess eserves 


Malum coxae senilis................... 
R.A. with degenerative joint disease.... 


Osteoporosis 
Miscellaneous .. 


Totals .. 


800 and 
Over 
0 
3 
0 
0 
0 
0 
0 


0 


700-799 600-699 500-599 400-499 300-399 200-299 100-199 


i) 13 9 
11 1s 

4 

4 

0 

3 

0 

3 


15 
14 


24 
15 


99 and 

Under 
121 
86 

25 

~ 

oo 

RS 

1 

42 

17 

86 


628 


Approximately 110,000 patient-days 


* R.A. = rheumatoid arthritis 


Duration of Treatment with Phenylbutazone.—Eight hundred patients have been treated for 
approximately 110,000 patient-days. Inspection of Table 1 shows that 66% of the patients were 
treated for less than 100 days; the average was approximately 30 days. The remainder of the 
group were treated for periods ranging from 100 to 1,000 days. The most prolonged treatment 
was in cases of rheumatoid arthritis, ankylosing spondylitis, and chronic gout 


CLINICAL RESULTS 


Gout. 
(Table 2). 


improvement, and only 3% failed to respond. 


Two hundred patients with gout were treated with phenylbutazone 
Major improvement was observed in 83% ; in 14% there was minor 
In no instance were signs and 
symptoms intensified. After intramuscular administration many patients experi 
enced substantial relief of pain within the first hour. Forty-one percent of the gouty 
subjects were free of symptoms within 48 hours. With few exceptions patients 


found phenylbutazone more satisfactory than colchicine. A marked fall in values 


ec 


2. Burns, J. 


> 


: Goldman, A., and Brodie, B 


A New 


J.; Schulert, A.; Chenkin, T. 
Phenylbutazone 


The Physiological 


Disposition of (Butazolidin), Antirheumatic 


Pharmacol, & Exper. Therap. 106:375, 1952. 


Agent, abstracted, J 
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for serum uric acid followed use of the drug. These observations confirm our 
initial impression, first recorded in 1951,’ that phenylbutazone exerts a specific 


effect in gout. 

Rheumatoid Arthritis —Vhenylbutazone was administered to 163 patients with 
rheumatoid arthritis. The results were evaluated according to the criteria of the 
American Rheumatism Association * and are presented in Table 3. Among the 
163 patients 96 (59%) enjoyed Grade I or IT response. Forty patients (25% ) 


Taste 2.—Therapeutic Response of Gout to Phenylbutazone 
Patients, No 
Grades of Response + 


I 
Il 


Totals 
* 
* Stage I. Acute gout, with asymptomatic periods between exacerbations. Stage II. Acute gout super- 


imposed upon chronic gouty arthritis 

t Therapeutic response: Grade [. Complete remission in 48 hours or less. Grade II. Major improvement, 
indicating rapid decrease of signs and symptoms within 48 hours, but with slight persistence up to seven days 
following initial therapy. Grade II!. Minor improvement with analgesia and decreased swelling but not 
complete remission, in spite of continued therapy. Grade IV. No effect 


TaBLe 3.—Therapeutic Response of Rheumatoid Arthritis to Phenylbutazone* 
Patients, No 
Girade of Response 
CSS | 
IV Worse 
1 


9 


Totals ; 10 10 


* Evaluation is in accordance with the criteria of the American Rheumatism Association 
Stage; Extent of rheumatoid progression; objective changes increasing from mild (1) to severe (IV) 
Class: Functional capacity of the patient, ranging from complete activity (1) to incapacitation (1V) 
Grade: Response of rheumatoid activity to therapy, ranging from complete remission (1) to complete 


lack of effeet (1V) 


experienced Grade II] improvement, and 26 (16%) were not improved. The 
disease appeared to be intensified in one patient. As previously noted, upon dis 
continuation of medication symptoms returned within several days. [Expansion 
of our series and prolongation of the period of observation has demonstrated that 


3. Kuzell, W. C., and Schaffarzick, R. W.: Butapyrin in Acute Gout, abstracted, Stanford 
Med. Bull. 9:195, 1951. 

4. Steinbrocker, O.; Traeger, C. H., and Batterman, R. C.: Therapeutic Criteria in Rheuma- 
toid Arthritis, J|.A.M.A. 140:659, 1949. 
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phenylbutazone is less beneficial in this disease than originally noted (59% Grade | 
or II improvement instead of 72% in the smaller initial series.'"* An appreciable 
number of patients, nonetheless, enjoyed symptomatic relief depending on continu 
ous medication. 

Rheumatoid Arthritis of the Spine (Ankylosing Spondylitis). —Among 
patients with ankylosing spondylitis (Table 4) 65% had a Grade I or II response 


51 


TABLE 4.—Therapeutic Response of Ankylosing Spondylitis to Phenylbutazone* 


Patients, No 
Grades of Response 
II Il 


1 
1 


Stage 


Totals .... 


* For interpretation see footnote to Table 3. 


TaBLe 5.—Therapeutic Response of Psoriasis with Arthritis to Phenylbutasone* 
Patients, No 
Grade of Response 
II Il 


Stage 
I 


Totals . 

* For interpretation see footnote to Table 3 
Iwenty-two per cent derived minor improvement, and 13% showed no effect. In 
cases in which comparison with x-ray therapy was possible, phenylbutazone 
afforded greater improvement in 20, x-ray was better in 7, and results were equivo 
cal in 1. In 15 patients the drug effected such a degree of improvement that x-ray 
therapy was not employed. Where comparison could be made with cortisone o1 


hydrocortisone, five patients were better on steroid therapy and five were better 


on the pyrazole. 
Arthritis with Psoriasis—ighteen patients suffering from 
Ot 


Rheumatoid 
psoriasis and associated arthritis were treated with phenylbutazone (‘Table 5 
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these patients 67% had a Grade I or II improvement, whereas 28% sustained 
minor improvement. In five patients with extensive psoriatic skin lesions there 
was cutaneous improvement. 

Painful Shoulder —This group comprised patients with peritendinitis, capsulitis, 
bursitis, and acute arthritis of the shoulder in whom the single presenting complaint 
was acute painful shoulder with limitation of motion. As indicated in Table 6, 
there were 64 patients in this category; major improvement was obtained in 67%, 
and 11% enjoyed minor improvement. No effect was found in 17%, and the con 
dition was apparently worsened in 5%. The best results were obtained with 
parenteral administration in the early stages of the disorder. In the chronic cases 
the local injection of 37.5 to 50 mg. hydrocortisone in addition to the oral or 


TABLE 6.—Therapeutic Response of Painful Shoulder to Phenylbutazone* 


Patients, No 
Grade of Response 
A 


Stage IV Worse 
Mild . F 

Moderate ....... 

OND oes5ce eee 


Totals 


* Grade I. Complete remission of symptoms. Grade II. Major improvement. Grade III. Minor improve 
ment. IV. No effect. 


TaBLe 7.—Therapeutic Response of Osteoarthritis to Phenylbutazone* 


Patients, No. 
jrade of Response 


Stage II Il IV. Worse 
10 

Moderate .. 37 18 

Severe 2a . 3 


Totals . , § 50 


* For interpretation see footnote to Table 6. 


parenteral administration of phenylbutazone gave better results than using either 
agent separately. 

Osteoarthritis —Table 7 shows the results of phenylbutazone therapy in 116 
patients with osteoarthritis. Fifty-one percent experienced major symptomatic 
improvement. Twenty percent were given minor analgesia, while 28% were unim 
proved and 2% appeared to be worse. 

Malum Coxae Senilis——-As may be observed in Table 8, good symptomatic 
relief was obtained in three of seven patients, whereas the others experienced a 
moderate degree of analgesia. 

Rheumatoid Arthritis with Degenerative Joint Disease.—Sixty-five patients 
with “mixed arthritis” were treated with phenylbutazone, and the results are pre 
sented in Table 9. In this group only 39% showed Grade I or II improvement, 
while 28% are in Group III and 33% failed to respond. 


Osteoporosis —In 22 patients with postmenopausal senile osteoporosis (Table 


10) major symptomatic improvement was gained in 45% when phenylbutazone 
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was administered together with androgenic and estrogenic hormones. Minor relief 
of pain appeared in 9%, and no effect was observed in 46%. 


Miscellaneous Painful Disorders —Phenylbutazone was evaluated regarding 


. . . 4 . rm . . . 
analgesia in a variety of other disorders (Table 11). One patient with rheumatic 


fever was given complete relief of joint pain while receiving phenylbutazone. There 


TABLE 8.—Therapeutic Response of Malum Coxae Senilis to Phenylbutazone* 
Patients, No. 
Grade of Response 


Stage Il 
Moderate 
Severe 


Totals 


* For interpretation see footnote to Table 6. 


TABLE 9.—Therapeutic Response of Rheumatoid Arthritis «with Degenerative Joint Dtsease 
(Mixed Arthritis) to Phenylbutazone 


Patients, No. 
Grade of Response 


Stage II Ill IV 
I 


il 


* For interpretation see footnote to Table 3. 


TaBLeE 10.—Therapeutic Response of Osteoporosis to Phenylbutazone* 
Patients, No. 
Grade of Response 


Stage il iil 1V 
Mr Ratseccdesdbecactccevakees , ‘ hu” act 2 PS 3 
Moderate ......... Saad eae ; ee , 3 
Severe - a oe 4 


EE Weareinwckssdecosene » Aare { : 10 


* For interpretation see footnote to Table 6. 


were 26 patients with fibrositis or myositis. Of these, six were completely relieved, 
two had major improvement, six had slight analgesia, and nine were not affected 
Among eight patients with panniculitis three were slightly improved. There were 
seven patients with unclassified low back pain. Of these, three had disappearance 
of pain, and one was afforded major relief of pain. The remaining three were not 
affected. Eight patients with nerve root pressure (usually from herniated inter 
vertebral disc) were treated with phenylbutazone. Three of these experienced 
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appreciable reduction in symptoms, and in the other four patients the pain was not 
modified. Among five patients with traumatic arthritis two were markedly improved 
ind two others were given minimal relief. There were two patients with Sjogren's 
syndrome (keratoconjunctivitis sicea) and one of these experienced decreased 
arthralgia. There were three cases of lupus erythematosus, one of which was dis 
seminated. In two of these cases there was a significant reduction in symptoms 
In five patients with metastatic carcinoma relief of pain was complete in one, 
marked in another, and absent in three. One of three patients with migraine was 
given substantial relief. There was one patient with psoriasis treated with phenylbu 
tazone, with diminution in the skin lesions. One of two patients with atopic derma 


titis was observed to have clearing of skin lesions, while the other became worse 


lwo patients with bronchial asthma were unrelieved. One of four patients with mul 


Pasre 11.—Therapeutic Response of Miscellaneous Painful Disorders to Phenylbutazone* 


Grade 


Disorder ! IV Total 
Rheumatie fever (arthralgia) 
Fibrositis or myositis 
Panniculitis 
Low back pain 
Nerve-root pressure (analgesia) 
Traumatic arthritis 
Sjégren’s syndrome,. 

Lupus erythematosus 

Metastatic carcinoma (analgesia). 
Migraine 

Psoriasis (dermatitis) 

Atopic dermatitis 

Bronchial asthma 

Multiple sclerosis 

Parkinsonism (tremor) . 
Miscellaneous painful disorders 
Edema of macule 

Scalenus anticus syndrome 


Peripheral vascular disease, . 2 2 


ci tadvebibhboleesenckhekateaws j 19 17 42 of 


* Grade I. Complete symptomatie relief. Grade Il. Major symptomatic relief. Grade Ill. Minor symp 
tomatic relief. Grade IV. No relief of symptoms 


tiple sclerosis showed slight improvement in symptoms while taking this medication, 
but the natural course of this disease makes evaluation precarious. There was no 
effect in the tremor of two patients with Parkinsonism. One patient with scalenus 
anticus syndrome had substantial relief of pain. One patient with idiopathic edema 
of the macule was improved following the use of phenylbutazone. Two of four 
patients with peripheral vascular disease were afforded slight reduction in pain 
In nine other patients with miscellaneous painful conditions complete analgesia 
was given to three, nearly complete relief to one, minor relief to two, and no benefit 
to three. 
rOXICITY 


Among the 800 patients studied 321 (40% ) showed untoward side-effects which 
in 121 (15%) instances were severe enough to warrant discontinuance of the 
medication. Table 12 shows the distribution of these side-effects among the patients 


with respect to diseases treated. There was in many instances more than one toxic 
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side-effect in individual patients; the 321 patients showed 457 toxic manifestations 
We found 22 different side-effects. These were as follows: water retention, hyper- 
tension, cardiac arrhythmia, rash, stomatitis, epigastric pain, ulcer activation, con- 
stipation, diarrhea, nausea, gastrointestinal hemorrhage, hepatitis, vertigo, lethargy, 
central nervous system stimulation, visual symptoms, fever, anemia, leucopenia, 
agranulocytosis, thrombocytopenia, and purpura. 

Of the 800 patients 145 received Butapyrin (18% ) ; 523 received phenylbuta- 
zone (66%), and 132 received both Butapyrin and phenylbutazone (16%). Of 
those patients who received only Butapyrin 31 were unable to tolerate the medica 
tion (21%) ; of those who received only phenylbutazone 73 were unable to tolerate 
the medication (14%), and of those who received both Butapyrin and phenylbuta 
zone 18 were unable to tolerate the medication (14%). While these data seem to 
indicate that phenylbutazone is less toxic than Butapyrin, it is pointed out that the 
latter medication was used in larger daily doses (the average was 750 to 1,500 mg. ) 
in the initial phases of this investigation. Since, however, previous comparison of 
phenylbutazone with Butapyrin '® revealed no significant difference in therapeutic 
response, it appears that there is no advantage to be gained by giving aminopyrin 
with phenylbutazone. 

Toxic MANIFESTATIONS 

Water Retention.—Of the individual toxic manifestations, water retention was 
most frequently encountered (14% of all cases). In most instances this was not 
a serious complication and was readily controlled by sodium restriction and reduc- 
tion in the dose of phenylbutazone. Mercurial diuretic agents were ineffective in 
this type of water retention. In two elderly female patients frank cardiac decompen- 
sation occurred; both patients responded readily to digitalization. Hypertension 
appeared in 1.3% of patients receiving phenylbutazone. Auricular fibrillation was 
observed in one patient with “mixed arthritis” and rheumatic heart disease. Normal 
rhythm was restored upon discontinuance of the drug. 

Rash.—Rash occurred in 5.6% of the patients treated in this series. In most 
instances the cutaneous manifestations were nonpruritic macular lesions which 
faded readily. There were, however, two cases of erythema multiforme bullosum. 
which healed uneventfully in three weeks. Generally there was a tendency for the 
rash to be more florid in the areas exposed to the sunlight. Of the 45 patients in 
whom drug rash from phenylbutazone developed 11 gave a history of previous 
drug sensitivity (24%). In 22 of these patients (44%) it was possible to resume 
or continue medication without recurrence or persistence of rash. In three others 
(6%) it was impossible to resume phenylbutazone therapy without recurrence 
of rash. 

Stomatitis.—In 21 patients (2.6% ) aphthous stomatitis of variable severity devel- 
oped, These patients all gave a past history of similar episodes. This stomatitis was 
not accompanied by leucopenia. It was our impression that the administration of 
pyridoxine relieved the lesions. 

E pigastric Pain.—Epigastric pain occurred in 34 of the 800 patients. This pain 
was unrelieved by antacids and antispasmodics, but it disappeared within several 


days after the cessation of phenylbutazone administration. In 20 of these patients 


the medication was discontinued. In eight epigastric pain developed while they 


were receiving parenteral medication. 
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Ulcer Activation.—There were eight instances of duodenal ulcer activation, an 
incidence of 1%. Five of these occurred in patients who had previously had peptic 
ulcer. 

Disturbance in Bowel Habits—-The incidence of bowel disturbances was 
remarkably low. Seven patients complained of constipation and five of diarrhea, 
which symptoms disappeared on cessation of medication. 

Nausea.—Nausea occurred in 101 patients (12.5%). Vhenylbutazone was dis 
continued in 46 patients, among whom 19 had concomitant toxic manifestations. 
Often it was possible to ameliorate nausea with antacids or antispasmodics. Nausea 
was observed following both oral and intramuscular administration of phenylbuta 
zone. 

Gastrointestinal Hemorrhage.— Among the 800 patients there were 3 who had 
bleeding from the alimentary canal. One of these, a known bleeder, had bleeding 
from the gums following the intramuscular use of Butapyrin. Two men in the 
seventh decade had massive hemorrhage from duodenal ulcers. lor one of these 
there was a history of bleeding ulcer. It is interesting that this patient received only 
intramuscular Butapyrin. The other patient bled while receiving phenylbutazone by 
mouth, 

Hepatitis —Two cases of toxic hepatitis were encountered during the course of 
pyrazole therapy. The first of these was of a 66-year-old woman with severe rheu 
matoid arthritis, who had a history of radical mastectomy for carcinoma and who 
had been given a transfusion of 1 liter of whole blood immediately prior to treat- 
ment with Butapyrin. After four weeks of oral medication marked jaundice 
developed, from which she recovered uneventfully. Since she lived in a distant 
community, we were unable to make liver function tests. In this case the hepatitis 
cannot be definitely attributed to phenylbutazone. The other case occurred in a 
55-year-old man with gout, who had had ulcerative colitis and hypertensive cardio 
vascular disease and who had recently passed a renal calculus. He had received 
several injections of penicillin several weeks prior to the onset of icterus. This man 
had been taking phenylbutazone orally for two weeks when indigestion and jaundice 
developed. The liver was slightly tender but not greatly enlarged. The icterus 
index was 64, and the cephalin flocculation test was 4+. Following discontinuance 
of medication, recovery was uneventful. 

Vertigo.—This_ side-reaction occurred to a variable degree in 30 patients 
(3.7%), but in only two cases was it of sufficient degree to necessitate the discon 
tinuance of medication. 

Lethargy.—Lethargy was reported by nine patients (1%). 

Central Nervous System Stimulation.—[-vidences of stimulation of the central 
nervous system appeared in 16 patients. These ranged from simple loquaciousness 
and insomnia to frank psychosis with hallucinations in two patients (0.25%). 
Among the patients in this group nine had previous signs of disturbance of the 
central nervous system, including psychoneurosis, Parkinsonism and multiple 
sclerosis. 

Visual Symptoms.—Fourteen patients complained of visual disturbance, which 


they variously described as blurring, flickering, or focusing difficulty. In all but 


one case the symptoms were transitory. This patient had for some time previously 
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been under the care of an ophthalmologist, who was treating her for amblyopia, 
imbalance of the extraocular muscles, and narrowing of the visual fields. She had 
a strongly positive Wassermann and Kolmer reaction in the cerebrospinal fluid. 
Her symptoms lessened while continuing treatment with phenylbutazone. In three 
other patients in this group there was preexisting iridocyclitis, and in another 
patient diabetes, hypertension, and residual cerebral hemorrhage were coexistent 

Fever.—While one patient was taking phenylbutazone a fever developed for 
which no other explanation could be found than drug reaction. 

Anemia. Thirteen patients became more anemic while taking phenylbutazone 
Eight of these had rheumatoid arthritis of Stage II] or IV, Class III or IV. The 
drug was continued in six of these together with hematinics, and transfusions of 
whole blood were given to three. ‘wo patients with mixed arthritis, one with 
psoriasis with arthritis and two with ankylosing spondylitis, became anemic, and 
in all but one the drug was continued. Among the 13 patients with anemia only 
2 were males, and one of these, a radiologist, also had ankylosing spondylitis and 
monocytic leukemia. In him an acute aplastic anemia developed, which responded 
favorably to multiple transfusions of whole blood and red cells. 

Often within the first few days of therapy, hemodilution, due to fluid retention, 
gave an apparent anemia which was of no consequence. 

Leucopenia.—In 17 patients (2.1%), of whom 14 were females, leucopenia 
developed. The drug was discontinued for 10 of these. The others, after discon 
tinuing its use for several days, were able to continue the medication at a lower 
dosage. Two of these patients also were counted in the “anemia” section above 
Six of these patients had a history of toxic manifestations associated with the use 
of other drugs. Leucopenia developed in three of these patients while they were 
concurrently receiving roentgen therapy and phenylbutazone. Five of them were 
concurrently receiving hydrocortisone intra-articularly. 

Thrombocytopenic Purpura~—An aged woman with mixed arthritis had beer 
treated with weekly doses of gold for two years in a neighboring university hospital. 
and thrombocytopenic purpura developed after administration of phenylbutazone 
After a period of recovery, we again cautiously tried phenylbutazone in small doses 
orally and parenterally and the thrombocytopenia reappeared. The thrombocyto 
penia disappeared completely on final discontinuance of the medication. 

Purpura.—There were four cases of purpura without thrombocytopenia in 
females, one of whom also was classified in the “anemia” section above. 


Agranulocytosis.—Five cases of agranulocytosis were observed. One of the 


patients received Butapyrin, and agranulocytosis developed in the others while thes 


were taking phenylbutazone. Brief case histories of these patients follow. 

Case 1 A 67 year old housewife with moderately severe osteoarthritis had been taking 
phenylbutazone 200 mg. twice daily for two months. There was no past history of drug sensi 
tivity, and she was taking no other potentially sensitizing medication. On May 23, 1952, a sore 
throat, chills, fever, weakness, and headache developed. When she first reported to us, on May 26, 
the pharynx was hyperemic, there was no lymphadenopathy, and the temperature was 38.3 C 
The leucocyte count was 1,400, with 89% polymorphonuclear cells. Phenylbutazone was dis 
continued, and the patient was hospitalized. Treatment included penicillin procaine, chlortetra- 
cycline (aureomycin), methionine, and multiple hematinics. Throat culture yielded Staphylococcus 
aureus (coagulase positive) and hemolytic Streptococcus. By the second hospital day the patient 
was afebrile and the pharynx was less red. The leucocyte count was 2.100, with 10% polymor 
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phonuclear ceHs. Clinically the patient continued to improve rapidly, and on the sixth hospital 
day the white blood cell count rose to 5,500, with 71% polymorphonuclear cells. Use ot 
phenylbutazone was not resumed in this case 

Case 2.—A 36-year-old woman stenographer with severe rheumatoid arthritis (Stage I\ 
Class III) started taking Butapyrin on March 1, 1951. In the past she kad had a gold dermatitis 
in the ears. The dosage ranged from 750 mg. to 1,500 mg. daily, orally or intramuscularly. The 
patient sustained an excellent response (Grade I1). On Sept. 14, 1951, medication was changed 
from Butapyrin to phenylbutazone, 400 to 800 mg. daily by mouth, with an occasional intra 
muscular injection of 1.0 gm. On July 3, 1952, while on a trip, the patient had a sore throat and 
fever, for which a doctor in another community gave her penicillin by mouth. When next seet 
by us, on July 6, 1952, the patient's temperature was 37.4 C. (99.4 F.), her tonsils were covered 
with a white membrane, and she appeared quite toxic. Phenylbutazone was discontinued, and sh 
was admitted to the hospital, where the leucocyte count was found to be 4,800, with 47% polymor 
phonuclear cells. Threat culture yielded Proteus vulgaris. Treatment included penicillin 
xytetracycline, methionine, and multiple hematinics. On July 7 the leucocyte count was 2,020 
with 1% polymorphonuclear cells. The patient continued to have septic fever, and daily blood 
counts showed no change. On July 9 treatment with cortisone, 25 mg. four times daily, was 
begun. By July 11 the leucocyte count had risen to 7,750, with 31% polymorphonuclear cells 
and the patient was afebrile, with the pharynx clear. At this time there was exacerbation of the 
arthritic symptoms, which were reasonably well controlled by cortisone. Hematologic recovery 
was complete. On Sept. 13, 1952, because of recrudescence of joint symptoms, the patient was 
given phenylbutazone, 1.0 gm. intramuscularly, and subsequently she has received the compound 
orally and intramuscularly without recurrence of leucopenia 

Case 3.—A 57-year-old stenographer with severe rheumatoid arthritis (Stage IV, Class IL) had 
taken phenylbutazone orally and intramuscularly since Dec. 21, 1951. The average daily dose was 
600 mg. Since Dec. 28, 1951, she had also taken acetosulfone, (scdium 2-N-acetylsulfamyl-4,4’ 
diaminodiphenyl sulfone), 1.0 gm. daily. In 1942 she had experienced a gold rash. On Jan. 18, 
1952, she reported malaise and symptoms of a mild upper repiratory infection. The leucocyte count 
on this date was 4,800, compared with a recent count of 12,600, and at the same time hemoglobu 
had fallen from 13.6 gm. to 9.8 gm. Use of phenylbutazone and acetosulfone was discontinued. By 
Jan. 21, the patient had only symptoms referable to the arthropathy but the temperature was 37.2 
C. (99 F.). On this date the white blood cell count was 1,900, with 30% polymorphonuclear cells 
and the hemoglobin was 10.9 gm. Treatment included penicillin, multiple hematinics, cortisone 
and transfusion of 500 cc. of whole blood. On Jan. 23 the leucocyte count was 1,800, with 13% 
polymorphonuclear cells, and the hemoglobin was 11,2 gm. Daily blood cell counts remained 
within this range until Feb. 2, when the white blood cell count rose to 4,700, with 26% poly 
morphonuclear cells, and the hemoglobin to 14.4 gm. Following this hematologic recovery pro 
ceeded rapidly to completion. On Feb. 4, 1952, phenylbutazone was resumed by injection and thet 
by mouth with no depression in any phase of the patient’s blood elements. 

Case 4.—A 49-year-old woman with mild rheumatoid arthritis (Grade II, Class II) had bee 
taking phenylbutazone orally and occasionally intramuscularly since Dec. 10, 1951. The average 


daily dose was 600 mg. She also was taking acetosulfone and androstenedicl. On Jan. 28, 1952, 


symptoms of an upper respiratory infection with a low-grade fever, 37.2 C. (99 F.), developed 
Blood studies on Jan. 29 revealed hemoglobin 10.9 gm. and 2,080 white blood cells, with 6% 
polymorphonuclear cells. All the current medications were discontinued, and the patient was 
given penicillin and multiple hematinics. On Jan. 30 the hemoglobin was 10.9 gm. and leucocyte 
count was 3,000, with 27% polymorphonuclear cells. Clinical and hematologic improvement 
continued rapidly; on Feb. 4, the hemoglobin was 11.6 gm. and the white blood cell count was 
4,600, with 69% polymorphonuclear cells. On March 21, 1952, phenylbutazone was resumed in 
an oral dose of 400 mg. daily, and subsequently the patient received several doses intramuscularly. 
At no time was there recurrence of leucopenia. 

Case 5.—A _ 63-year-old banker with moderately severe osteoarthritis had been taking 
Butapyrin, 500 mg. daily by mouth, since March 8, 1951. Gn May 31, 1951, a routine blood cell 
count revealed a depression of white blood cells, to 1,700, with 8% polymorphonuclear cells 
The drug was discontinued, and the patient was given penicillin and cortisone. By June 4 the 
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65% 
leucocyte count was 1,330, with no polymorphonuclear cells, and the temperature was 37.8 ¢ 

(100 F.), but the patient felt perfectly well and examination revealed no focus of infection. At 
this time he was admitted to the hospital, where additional treatment included methionine, liver 
extract, and a course of corticotropin. One punctate aphthous ulcer develéped and disappeared 


It was not until June 13 that the first returning granulocyte appeared in the peripheral blood 
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Chart 1.—Toxic manifestations of phenylbutazone therapy in gout (200 patients) 
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Chart 2—Toxic manifestations of phenylbutazone therapy in rheumatoid arthritis (163 


patients). 


smear. From that date the blood picture improved, and by June 20 the leucocyte count was 
9,400, with 51% polymorphonuclear cells. Pyrazole therapy has not been resumed in this case. 


It is interesting that treatment with phenylbutazone was resumed in three (Cases 


2, 3, and 4) of these cases following recovery from agranulocytosis and has been 


administered without untoward reaction to the date of this writing. It is of interest 
also that four of the five patients were women. Two of them were receiving 
acetosulfone at the same time. Three were also receiving barbiturates. One was 


receiving propylthiouracil. 
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ASSOCIATION OF Toxicity WitH AGE, SEx, DosaGce, AND DISEASE TREATED 
As may be observed upon inspection of Charts 1 to 4, there appears to be a 
difference in vulnerability to toxicity depending upon the disease. In gout, for 
example, in which therapeutic response was greatest, the incidence and severity of 
toxic manifestations were the least. In mixed rheumatoid and osteoarthritis, in 
which phenylbutazone therapy was least rewarding, the incidence and severity of 


untoward reactions were the greatest. As may be seen in Charts 1 to 4, age of the 


patient does not appear to influence the occurrence of toxicity significantly. The 
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Chart 3.—Toxic manifestations of phenylbutazone therapy in ankylosing spondylitis (51 


patients). 
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Chart 4.—Toxic manifestations of phenylbutazone therapy in osteoarthritis (116 patients). 


incidence of untoward reactions was found to be generally greater in females than 
in males. In fact, 43% of females and 29% of males experienced toxic reactions, 
necessitating discontinuance of medication in 18% of females and 12% of males. 
In the entire group there were 471 females and 329 males. As might be expected, 
toxicity was demonstrated to be a function of dosage. When, in the early stages 
of this study, we often employed doses up to 1,600 mg. daily, we encountered 
appreciably more difficulty than when we adopted the policy of not exceeding 600 
mg. daily. 

In many instances patients with chronic gouty arthritis and ankylosing spondy- 
litis required only 100 to 200 mg. of phenylbutazone daily. Administration of oral 
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dosage beyond 800 mg. per day appeared to increase the incidence of side-reactions 
without increasing therapeutic response. Above this level the incidence of toxicity 
rose from 32% at 800 mg. to 50% at 1,200 mg. 

In Chart 5 the relative frequency of the various toxic manifestat-ons is presented 
graphically. This shows that water retention and nausea are the most frequent 
toxic side-reactions, and it is interesting that among the 109 patients with water 
retention only 19 also had nausea although there were 101 instances of nausea. 

When we attempted to relate the beneficial therapeutic response to the percent 
of patients in each disease group in which the phenylbutazone had to be discon- 
tinued due to toxic reactions, an interesting relationship became apparent. In Chart 
6 it will be noted that the ratio of the percent of therapeutic benefit to percent of 
discontinuance due to toxicity is greatest in gout and least in “mixed arthritis.” 
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Chart 5.—Frequency of toxic manifestations of phenylbutazone therapy. 
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Chart 6.—Clinical usefulness of phenylbutazone. 


This relationship shows a ratio of descending importance in the following order : 
gout, psoriasis with arthritis, ankylosing spondylitis, rheumatoid arthritis, pain- 
ful shoulder, malum coxae senilis, osteoarthritis, osteoporosis, and mixed arthritis. 
Since the beneficial effect of phenylbutazone followed the same order, perhaps 
there is a true inverse relationship between the therapeutic benefit and the number 


of side-reactions in each disease group. 


Errect oF Mope or ADMINISTRATION ON TOXICITY AND THERAPEUTIC RESPONSE 
Eighty-nine of the 800 patients received phenylbutazone only intramuscularly. 
Thirty-four percent of these patients showed toxic side-reactions due to phenyl- 
butazone, and the medication was discontinued in 24% owing to toxicity. Paren- 
teral administration oftentimes was quite beneficial in patients who had experienced 


only fair or poor symptomatic relief on oral medication. The reverse situation did 
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not obtain. The rapidity of response was also greater with intramuscular medica- 
tion. Intramuscular administration was, however, sometimes limited by the provo- 
cation of local inflammatory reaction in the muscle. This painful inflammatory 
response was less frequent with phenylbutazone than with Butapyrin. 


CONCURRENT Use oF GOLD AND CoRTISONE 

Sixty-six patients received aurothioglucose (Solganol-B) together with phenyl- 
butazone, and the incidence of toxic manifestations was not increased. Likewise, the 
concurrent use of cortisone and phenylbutazone did not appear to alter the toxicity 
of either substance. In fact, when cortisone and phenylbutazone are used concur- 
ently smaller doses of each appear to be effective. When therapy is changed from 
cortisone or corticotropin to phenylbutazone, the dosage should be slowly reduced 
and continued during the first week of phenylbutazone administration to avoid 


exacerbation of symptoms. 


SUMMARY AND CONCLUSIONS 
Phenylbutazone was administered to 800 patients with a variety of diseases. 
Clinical usefulness of phenylbutazone was evaluated by relating therapeutic 
response to toxicity. On this basis, it was found to be much more useful in gout 
than in any other disease in which it was studied. It is our opinion that this is the 
drug of choice in the treatment of this disease. Phenylbutazone also was clinically 
useful, but to a lesser extent, in psoriasis with arthritis, ankylosing spondylitis, 
rheumatoid arthritis, and painful shoulder. Its use in malum coxae senilis, osteo- 
arthritis, osteoporosis, and mixed arthritis is limited by a greater incidence of tox- 
icity without a commensurate degree of clinical improvement. 
Among the 800 patients 321 (40%) exhibited 457 untoward side-effects. It 
was necessary to discontinue medication owing to toxicity in 121 patients (15%). 
The most frequently encountered reactions included water retention, nausea, rash, 


epigastric pain, vertigo, and stomatitis. Unusual severe reactions included peptic 
ulcer activation (1%) with bleeding in three patients (0.37% ), hepatitis (0.25% ), 
hypertension (1.3% ), transient psychosis (0.25% ), leucopenia of moderate severity 
(2.1%), agranulocytosis (0.6% ), thrombocytopenia (0.12%), and purpura with- 
out thrombocytopenia (0.5%). Toxic side-effects were seen in females more 


frequently than in males. 

All the five patients with agranulocytosis recovered following discontinuance of 
medication. In three of these patients phenylbutazone therapy was later resumed 
without untoward effect. 

The frequent occurrence of minor untoward side-actions and the infrequent 
occurrence of severe toxic manifestations necessitate careful supervision of patients 


receiving phenylbutazone. 





GASTROINTESTINAL HEMORRHAGE AS A COMPLICATION 
OF POLIOMYELITIS 


ROBERT J. HOXSEY, M.D. 
WENATCHEE, WASH. 


I URING the summer and fall of 1952 this community was the center of a severe 

epidemic of poliomyelitis. The Chelan and Douglas County health departments 
received reports of 172 cases (the 1950 census for Chelan County was 39,301, and 
for Douglas County 10,817). Records at the Central Washington Deaconess Hos 
pital, which included patients from other counties, revealed 148 bed patients; 29 
outpatients not hospitalized ; 16 respirator patients, of which there were 7 at one 
time ; 54 suspects (not proved), and 8 patients who died. Of these eight, five patients 
presented as a terminal complication gastrointestinal hemorrhage. The case reports 
follow. 

Case 1.—-A 6-year-old white boy was admitted on Sept. 4 with a history of listlessness, fever 
(temperature up to 103 F.), and a headache of three days’ duration. Penicillin was given the day 
prior to admission. 

Initial physical examination in the hospital revealed a listless, drowsy child with marked 
stiffness of the neck and back muscles. The cranial nerves were intact, and the deep and super- 
ficial reflexes were equal and active. The temperature was 102.4 F. (rectal). Initial hemoglobin 
level was 14.5 gm., and the white blood cell count was 18,200, with 77% polymorphonuclear leuco 
cytes, 17% lymphocytes, and 6% stab cells. Except for a trace of albumin the results of urinalysis 
were normal. Spinal fluid examination revealed 117 cells per cubic millimeter, with 19% poly 
morphonuclear leucocytes, 81% lymphocytes, and a total protein of 218 mg. 

Initial treatment consisted of 10 cc. of convalescent serum intramuscularly, hot packs, and 
penicillin. Within the first 48 hours the intercostal muscles and muscles of the upper spine and 
both arms became involved. Nasal suction and oxygen were necessary. On the fifth hospital day 
the patient was placed in a respirator and intravenous fluids were given to correct dehydration. 
On the ninth day urinary cystitis developed which was treated with a sulfonamide drug. By the 
fourteenth hospital day the patient was out of the respirator for 30 minutes and was able to 
begin physiotherapy. During the next three days the patient was occasionally cyanotic. On the 
morning of the 17th hospital day the abdomen was distended and the patient was irrational and 
cyanotic. Gastric suction was begun; “coffee ground” colored material was obtained. The tem- 
perature rose to 100 F., and the general condition remained poor. Neostigmine (Prostigmine), 
vitamin K, antacids, and epinephrine (Adrenalin) were administered. The patient died on the 
evening of the 17th hospital day. 

Case 2.—A 24-year-old white man was admitted to the hospital on Sept. 6 with complaints 
of general malaise, headache, backache, sore throat, abdominal pain, and fever of 24 hours’ dura- 
tion. At the onset of symptoms the patient was given penicillin for an inflamed pharynx. 

Initial examination revealed a well-developed acutely ill patient with marked nuchal rigidity 
and a questionable right Kernig’s sign. The spinal fluid contained 157 white blood cells per cubic 
millimeter (differential cell count was not recorded) and total protein of 196 mg. per 190 cc. 


Upon admission the patient was given immune globulin, and this was repeated again in eight 


hours. 
TT 
From the medical service of The Central Washington Deaconess Hospital. 
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On the first hospital day there was extensive paralysis of the abdominal muscles, both psoas 
groups, the gluteal muscles, the right hamstrings, and the right quadriceps group. The patient 
was unable to void, and a retention catheter was inserted. Intercostal breathing developed, and 
in the evening the -patient was placed in a respirator. The temperature rose to 103 F. on the 
second day, and all the extremities showed extensive paralysis; the patient was still able to 
swallow, talk, and move his head. On the third and fourth hospital days the patient was fre 
quently cyanotic and irrational. Oxygen was given, and frequent suctioning of mucus from the 
nose and mouth was necessary. A tracheotomy was done on the fifth day; a large mucus plug 
was aspirated, and the patient’s color improved. When the tracheal tube was removed later that 
evening the color remained good. On the sixth day the patient vomited dark red material and 
became cyanotic, and the cyanosis persisted in spite of tracheal aspiration. Cyanosis and yomiting 
persisted, and just prior to death there was a slight amount of subcutaneous emphysema, 

Case 3.—A 30-year-old white man was admitted to the hospital on Sept. 7 with complaints 
of malaise, weakness, intermittent headache, and stiffness of the neck of 48 hours’ duration. One 
week prior to admission the patient had follicular tonsillitis treated with chlortetracycline (Aureo 
mycin). Initial examination revealed a well-developed apprehensive white man with moderate 
nuchal rigidity, abdominal distention, and right quadriceps weakness. Except for albumin 2+- the 
urine was normal. The white and red blood cell counts were normal. The spinal fluid was cloudy 
and showed 800 white blood cells per cubic millimeter, increased globulin, glucose 49 mg. pet 
100 ce., and a differential cell count of 51% lymphocytes and 49% polymorphonuclear leucocytes 
\ Gram stain of spinal fluid sediment revealed no bacteria 

The entire course was febrile, with temperature ranging from 99 to 100.3 F. and terminally 
to 103.2 F. On the first hospital day the patient had difficulty voiding and a retention cathetes 
was inserted. Suggestive weakness of the right upper extremity was noted on the second day. 


sy the afternoon of the third day the patient became dyspneic and cyanotic and suction was used 


to clear the throat of mucus. On the fourth day the patient was restless and confused and was 
placed in a respirator. Early in the morning of the fifth day increased abdominal distention was 
noted and the patient vomited an estimated 2 qt. (1.9 liters) of bright red bloody-appearing fluid 
\ stomach tube was inserted and drained dark brown liquid which was strongly acid and posi 
tive for occult blood. On the fifth day the patient suddenly became deeply cyanotic and died. 

An autopsy was performed. The lung fields showed gross and microscopic evidence of hypet 
emia and atelectasis. Microscopic sections of the liver showed central hyperemia and degenera 
tion of the inner third of the lobule. The adrenal gland was more friable than normal, and the 
cortex was narrow. However, there was a reasonable amount of lipid present in the cortical 
cells. When the stomach was opened the pyloric surface was seen to be covered by soft amorphous 
black flecks of material which could be easily wiped away. The underlying mucosa was involved 
with numerous shallow 2 to 5 mm. hemorrhagic ulcerations. The brain and spinal cord were not 
examined. The remainder of the abdominal organs were not remarkable. 

Case 4.—A 42-year-old white woman was admitted from another hospital on Sept. 17 with 
history of illness for one week, fever of 48 hours’ duration, and loss of consciousness and gastric 
hemorrhage for the preceding 24 hours. 

Initial physical examination was limited because of the patient's poor condition. No reflexes 
were elicited. The patient was unconscious. The pupils were 2 mm., regular, and fixed. Imme 
diate treatment consisted of placing the patient in a tank-type respirator, giving oxygen by 
catheter, and performing a tracheotomy. Vitamin K, 72 mg., was given intravenously. On the 
first hospital day the temperature fell from 103.4 to 99 F., the color seemed improved, and fibril 
lary muscle twitchings were noted. On the second day the pupillary reflexes returned and the 
patient opened and closed her eyes on command. Although semicomatose, she moved all of her 
extremities. On the fourth day there was a temperature of 101 F. and there were signs of 
pneumonia; penicillin was given. Antacids (sodium carboxymethylcellulose [Carmethose], 
aluminum hydroxide preparation [Amphojel], milk and cream) were given through the stomach 
tube. By the sixth day the gastric drainage was greenish-brown mucus. For the next four days 
the patient continued febrile, was cyanotic, and responded in an irrational manner. There was 
no more gross blood in the gastric drainage. On the 11th day the patient’s pulse became weaker, 


cyanosis increased, and there was increased mucus in the bronchial tree and the patient died. 
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Case 5.--A 33-year-old white man was admitted to the hospital on Nov. 3 because of an 
illness of one week's duration, beginning with epigastric pain, nausea, and sore throat. Two days 
prior to admission he had headache and pains in the legs and hips. 

Physical examination revealed a febrile patient with acetone breath, rigid neck, and increased 
generalized muscle tone. The urine showed 2+ albumir but was otherwise normal. The routine 
blood cell counts were normal. Spinal fluid examination revealed a definite increase in globulin 
and 295 white blood cells per cubic millimeter (the differential cell count was not given). Gram 
stain of the spinal fluid showed no organisms. 

On the first hospital day the patient was nauseated, retained little by mouth, and had to be 
catheterized because of inability to void. On the second day the patient was placed in a respirator 
The patient complained of a “stomach ache” on the fourth day; gastric suction was used, and 
the return consisted of brown liquid with some blood. A tracheotomy was done. From the fourth 
to the seventh days the patient was occasionally cyanotic and irrational. The gastric tube con- 
tinued to drain dark brown and occasionally bright red fluid. On the seventh day the patient’s 
pulse and respirations became shallow and irregular and he died 


COMMENT 

In a recent epidemic of poliomyelitis, five of eight deaths were complicated by 
gastrointestinal hemorrhage. In one case the gastric secretions were strongly acid 
and at autopsy hemorrhagic gastritis was observed. A review of the literature reveals 
that Dublin and Larson ' emphasized lesions other than those of the central nervous 
system in a paper published in 1943. In their 12 cases the lymph follicles were 
regularly and markedly hypertrophied, but they made no mention of gastric lesions 
Saphir,? in commenting on postmortem examinations of 17 patients who died of 
clinically diagnosed poliomyelitis, found marked hyperplasia of the lymph follicles 
of the intestinal tract, of Peyer’s patches, and of the peritoneal lymph nodes. These 
findings were more common in children. Again, no mention was made of gastro- 
intestinal ulceration. 

Heyde and Robinson,’ in a paper published in 1948, apparently reported the first 
two cases in the English literature of ulceration of the gastrointestinal tract as a 
complication of poliomyelitis. One of these patients, an adult man, had multiple 
duodenal ulcers, and the other patient, a 44%-year-old girl, had a perforation of the 
stomach at the esophageal junction. Erskine, Mason, and McDade * in 1950 reported 
two cases of bulbar poliomyelitis in young adults who at autopsy were found to have 
esophageal ulcers. They concluded that regurgitation of hydrochloric acid and pepsin, 
with autolytic digestion, was a most likely possibility as to etiology of the ulceration. 
Contributing factors were recumbent and Trendelenburg position; phrenic nerve 
paralysis, which allowed relaxation of the cardia and thus facilitated regurgitation 
of the stomach contents ; fear (to a very minimal extent because of the acuteness of 
the disease) ; trauma due to suction tubes, and mechanical action of the respirator, 
a factor which may produce actual perforation although it does not initiate ulcer 
formation. They tend to disregard direct action of the virus since “there is no evi- 
dence of polio virus producing ulcerative effect in the gastrointestinal tract.” This 
canteungeenee 
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is in contradistinction to the view of Bower,’ who states that gastritis occurs quite 
regularly in patients dying of poliomyelitis. Bower believes the etiology to be virus 
in origin since “tests on many hundreds of these patients show that almost invariably 
hydrochloric acid is lacking.” 

Cook and co-workers ® report on five cases of gastrointestinal hemorrhage com 
plicating poliomyelitis, with survival of one patient. The four deaths were from a 
review of 54 cases of acute poliomyelitis with postmortem examinations at the 
(Boston) Children’s Hospital from 1916-1950. Of these four, three had esophageal 
ulcers and the fourth showed petechial hemorrhage in the ileum. 

In discussing the etiology Cook and co-workers state that gastrointestinal per- 
foration in poliomyelitis has always been associated with respiratory center involve- 
ment and has not been seen with less severe bulbar poliomyelitis. They believe gastric 
intubation did not play a role in the development of this lesion. Likewise, they do 
not believe the respirator or other external trauma played a role, since some con 
valescent patients spend months or years in respirators without the lesion developing 
Anoxia alone also seems unlikely, since “in the experience of Children’s Hospital 
severe cyanosis in itself has not led to esophageal or gastric perforation.” Finally, 
they state that reflex of gastric contents into the esophagus seems unlikely, because 
of lack of pathologic confirmation. Although gastric contents can give rise to 
esophagitis and ulceration, chronicity is an important factor, and chronicity has not 


been present in these patients. Their conclusion is that midbrain damage is related 


to gastrointestinal lesions, as emphasized by Cushing. 

When gastrointestinal bleeding occurs as a complication of poliomyelitis it is a 
severe omen. Of the seven patients previously reported only Cook’s patient survived. 
None of our five patients survived, although in one hemorrhage did stop. Rational 
treatment will be improved when the etiology is better understood. Erskine and 
co-workers,‘ believing that autolytic digestion is the important factor, recommended 
the following treatment: (1) antacides and modified Sippy regimen for all patients in 
respirators ; (2) semi-Fowler position when possible; (3) tracheotomy with oxygen 
by catheter early and placement in the respirator only as a last resort; (4) chemo- 
therapy, since in case of perforation medical rather than surgical management 1s 
imperative. Cook and co-workers,® emphasizing midbrain damage, treated their 
patient with blood transfusions, ulcer regimen, vitamin K, and atropine. In the pres 
ent series Patient 4 was given vitamin K and antacids, was placed in a respirator, 
and had a tracheotomy. It is to be emphasized that the bleeding stopped while the 
patient was in the respirator. 

SUM MARY 

Five cases of acute bulbar poliomyelitis associated with gastrointestinal hemor- 
rhage are presented. The exact cause of this phenomenon is not known, but several 
possibilities are presented. 

Drs. Edward W. Nash, J. T. Abraham, Robert E. Bolton, and L. C. Miller gave permission 
to report their cases. 


5. Bower, A. G.: Personal communication to the author. 

6. Cook, C. D.; Hartman, J. R.; Sarnoff, S. J., and Berenberg, W.: Gastrointestinal Lesions 
in Acute Bulbar Poliomyelitis: Report of Five Cases with Recovery in One, Pediatrics 7:415, 
1951. 





GLUCAGON, THE HYPERGLYCEMIC AGENT IN PANCREATIC EXTRACTS 
A Possible Factor in Certain Types of Diabetes 
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ITHIN the past 30 years tremendous strides have been made in our under- 

standing of the pathways of intermediary metabolism and, more recently, 
in the study of the metabolic disturbances which may occur in disease. Despite 
the many studies which have been performed since the isolation of insulin, an 
understanding of the biochemical disturbances which occur in the diabetic patient 
is not forthcoming. The earlier concept, that this syndrome is produced by a simple 
insulin deficiency, has given way to the belief! that in some instances various 
other factors may play a role. Among these may be glucagon, the hyperglycemic- 
glycogenolytic factor. 


Soon after Banting and Best * extracted insulin from the pancreas, it became 


apparent that the crude preparations available contained an impurity which caused 


a rise in blood sugar level. Birger and his co-workers * and Collens, Murlin, and 
their associates * studied this “contaminant,” which they called glucagon. After 
Abel © succeeded in preparing a crystalline insulin preparation which was free of 
this activity, it was assumed that American insulins contained none of this material, 
which was considered by many to be a nonspecific agent present in tissue extracts 
and which was largely neglected in this country. In 1946 de Duve and his asso- 
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ciates ° noted that insulin prepared in the NOVO laboratories in Denmark dittered 
in some of its actions from American insulins which they tested, and they found 
that these differences could be accounted for by small amounts of an impurity 
present in the American insulins. Since that time many studies have been per- 
formed confirming many of the older observations and amplifying the former 
studies. It has been suggested by a number of observers that this material 1s 
derived from the alpha cells of the islets of Langerhans. Since much of this work 
has been reviewed elsewhere,’ only the pertinent and more recent observations 
will be discussed here. 
CLINICAL OBSERVATIONS 


It has been observed repeatedly * that patients who survive total pancreatectomy 
require relatively small amounts of insulin (25 to 40 units) for control of their 
diabetic state. Indeed, several patients who had previously been diabetic were found 
to have a somewhat lower insulin requirement after pancreatectomy. In some 
instances it seems likely that the alteration of the nutritional status associated with 
an absorptive defect caused by pancreatic insufficiency may be the cause of the 


lowered insulin requirement; in others rather good control of this disturbance 
appears to have been attained with no increase in insulin need. The human deprived 


of his pancreas is quite sensitive to insulin; consequently a small overdose may 
produce insulin shock; withholding insulin, however, results in the early appear 
ance of diabetic acidosis. 

These observations suggest that a pancreatic factor, in addition to insulin, may 
play a role in the diabetic state. By analogy, it might be that the patient with clinical 
diabetes of unknown etiology, the young thin diabetic with a tendency to go into 
coma or shock readily, resembles the pancreatectomized person, whereas the dis- 
turbance in the stable diabetic who may require very large doses of insulin, who 
is older and frequently obese and in whom coma may fail to develop for a prolonged 
period of time after insulin is withdrawn, resembles the chemically induced diabetes 
of animals, in which only the insulin mechanism has been disturbed. That these 
two factors alone do not account for all findings in patients with diabetes is evident, 
but it seems quite possible that a relative insufficiency of one of these pancreatic 
factors may in part account for some unexplained observations in clinical diabetes 

Glucagon was administered to a group of normal persons, to patients with stable 
diabetes and with labile diabetes, and to a small group of patients with miscellaneous 
conditions.* We found that the normal group and the patients with stable diabetes 
had a similar, moderate rise in blood sugar level, whereas patients with labile 
<cttane 
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diabetes had a more marked rise in blood sugar level. Kirtley, Waife, Helmer, and 
Peck,’® in a more elaborate study employing highly purified glucagon, found a 
decreased response in the patients with labile diabetes. They tested their patients 
in the fasting state, whereas ours had been given their usual breakfast and insulin. 
These studies should be repeated on the same patients, but they suggest that the 
patient with labile diabetes may have a marked variability in hepatic glycogen stores 
or in that portion of the glycogen which can be mobilized readily by this mechanism. 
This may account, at least in part, for some variations noted in clinical diabetes. 


EXPERIMENTAL DIABETES 

A number of observations which have been made in experimental diabetes also 
suggest that pancreatic factors other than insulin may play a role in the diabetic 
state. Young '' observed the extremely high insulin requirement of dogs made 
diabetic by the repeated injection of anterior pituitary extracts. He also called 
attention to the fact that when insulin is withheld from such an animal relatively 
little ketosis develops. Following removal of the pancreas from such a diabetic 
animal the insulin requirement decreased ; the hyperglycemia which occurred when 
insulin was withheld was less marked, but acidosis readily developed. Similar 
observations were made by Dragstadt and co-workers '* on the insulin requirement 
of dogs subjected to extensive (but not total) pancreatectomy as compared with 
that of animals subjected to total pancreatectomy. Thorogood and Zimmermann *° 
performed similar experiments on dogs made diabetic by the injection ot alloxan, 
a chemical agent which destroys the beta, or insulin-producing, cells and causes a 
severe “diabetes” in the dog. Their observations were similar to those of Young, 
in that the insulin requirement was frequently much higher than in pancreatecto- 
mized animals. Furthermore, when insulin was withheld from such animals rela- 
tively little acidosis resulted, whereas when the pancreas was removed from the 
alloxan-diabetic dog the insulin requirement decreased, the blood sugar level was 
more labile, and, if insulin was now withheld, a severe acidosis developed. These 
authors also performed a critical experiment on one animal, which has been con- 
firmed and amplified by the work of Candela and his collaborators.'* They tied 
the pancreatic ducts of an alloxan-diabetic dog and found no significant difference 
in the insulin requirement nor in the rapidity of development of acidosis. This 
eliminated the external secretion of the pancreas as the agent responsible for the 
decreased tendency to acidosis. When the fibrotic pancreas was removed the 
sccuieaieabaniaaneneee 
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animal became more sensitive to insulin, and when insulin was withheld acidosis 
developed rapidly. We have in part confirmed these findings and are of the impres- 
sion that there is a marked difference between alloxan-diabetic animals and pan- 
createctomized animals. It seems tkat the lack of development of acidosis in the 
alloxan-diabetic animal is the result of some factor in addition to insulin. 

Mirsky and co-workers '® suggested that the relative lack of development of 
ketosis in the alloxan-diabetic animal is due to differences in absorption of protein 
and of other carbohydrate precursors and possibly results from changes in hepatic 
glycogen stores. This explanation does not account for the differences between 
the alloxan-diabetic animal with the pancreatic ducts ligated and the pancreatecto 
mized animal. Furthermore, we have observed, as have others,'® an actual increase 
in the liver glycogen levels above the normal in some of the alloxan-diabetic rabbits 
which we have studied. These findings suggest that a more complex disturbance 
is produced in these animals than can be accounted for by removal of insulin alone. 


PANCREATIC EXTRACTS 

Insulin is an extract of the pancreas. We have tested many lots of commercial 
American insulin and have been able to demonstrate glucagon in every sample 
studied. We have also tested a number of lots of the Danish NOVO insulin and 
found variable but relatively small amounts of this material. One lot of specially 
prepared insulin made by Eli Lilly & Company is apparently free from this material. 
Olsen and Klein’? found that when insulin is injected intravenously there is a 
transient hyperglycemia. The hypoglycemic action of commercial insulin can be 
destroyed by incubation at an alkaline pH or by the addition of cysteine.'* We ™ 
have confirmed these findings but have found that careful study of the preparations 
obtained in this manner generally reveals small amounts of residual insulin activity. 
Figure 1 compares the effect of the intravenous injection of a commercial insulin 
containing a relatively large amount of glucagon with the injection of a similar 
amount of the same preparation after inactivation by heat and alkali. [It would 
appear that when the pancreas is extracted to produce insulin the extract contains 
variable amounts of glucagon as a contaminant of the insulin. 

I-xtracts were prepared from normal dog pancreas. Similar preparations were 
made from the pancreas of the fetal calf and from dog pancreas rendered fibrotic 
by ligating the pancreatic ducts. Pancreas obtained from dogs previously treated 
with alloxan were extracted in a similar fashion. Comparable preparations were 
also made from the parotid glands of dog and steer as well as from liver, kidney, 
and muscle. Figure 2 shows the characteristic effect of these extracts on the blood 
anesthe 
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Fig. 1—Change in blood sugar level following the intravenous administration of 10 units of 
commercial insulin (broken line) compared with the injection of an equivalent amount of the 
same preparation after it had been heated at an alkaline pH (solid line). 
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Fig. 2.—Percentile change in blood sugar level after the intravenous injection of extracts 
prepared from 6.5 to 7 gm. of (1) fetal calf pancreas, (2) pancreas obtained from an alloxan- 
diabetic dog, (3) fibrotic pancreas obtained from a dog three months after ligation of the 
pancreatic ducts, (4) pancreas from a normal dog, and (5) normal dog parotid gland. 
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sugar level of a dog. It will be noted that the preparations from normal, fetal calf, 
and fibrotic pancreas all contain insulin as well as glucagon. [xtracts prepared 
from the alloxan-diabetic panereas contain extremely small amounts of insulin, 
and its effect is entirely masked by the marked hyperglycemia which results. Suther- 
land and co-workers?” have found glucagon in the gastric and duodenal mucosa, 
where cells resembling alpha cells have been found. These experiments lead us to 
believe that the hyperglycemic factor may be extracted from normal pancreas and 


from the pancreas after the acinar tissue has been largely destroyed by duct ligation 
or before it is functional in the fetal calf and that it is present after the insulin- 
producing beta cells have been destroyed but that it is not present in other tissues, 


with the possible exception of gastric and duodenal mucosa. 


MECHANISM OF ACTION 
Several groups of investigators *° have been concerned with the mechanism of 
action of glucagon. It has been noted that the intravenous injection of the substance 
causes a rise in the blood sugar level of a normal dog (Tig. 3). It will be noted, 
however, that when comparable amounts of this substance are administered to an 
animal after a 96-hour fast, when the hepatic glycogen levels might be expected 
to be quite low, there is little change in the blood sugar level. This material also 
produces a prompt elevation of the blood sugar when injected intravenously into 
a pancreatectomized animal well-maintained with insulin and “primed” by the 
administration of additional glucose. When it is given to the same animal after it 
has been permitted to go into acidosis, by withholding insulin, there is relatively 
little response. Following hepatectomy glucagon produces no significant rise of 
blood sugar level. It has also been demonstrated (lig. 4) that this substance can, 
at least in part, prevent the fall in blood sugar level following the administration 
of small doses of insulin. The preparation must, however, be given by continuous 
infusion or by repeated injection, and the animal must have been well fed and 
healthy. The route of administration is also of importance. We have found that, 
when employed in a dose capable of producing a brief but maximal elevation of 
blood sugar level, the portal injection produces a more prolonged elevation than 
the intravenous injection, whereas the intraperitoneal injection results in a less 
marked and a delayed elevation of blood sugar level. The intramuscular injection 
is much less effective, and subcutaneously the material is minimally effective. 

Sutherland and Cori *? have studied the mechanisms whereby glycogenolysis is 
effected. The addition of glucagon to the medium bathing the liver slice results 
in a more rapid breakdown of glycogen and liberation of glucose than occurs in a 
control preparation. These workers also studied the enzyme systems involved and 
found that glucagon increases the activity of hepatic phosphorylase, either by pre- 
venting the inactivation of this enzyme or by reactivating an inactive phosphorylase. 
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Fig. 3.—Effect of injecting glucagon on the blood sugar level of (1) a pancreatectomized dog 
well-maintained with insulin and glucose, (2) the same dog after insulin was withdrawn, (3) 
a normal dog, (4) the same dog after a 96-hour fast, and (5) a dog after evisceration and 


hepatectomy. 
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Fig. 4.—Change in blood sugar level of a 10 kg. dog after the intravenous injection of 1 unit 
of insulin (broken line) and after the injection of 1 unit of insulin followed by the repeated 
injection of glucagon (solid line). 
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It appears as though glucagon and epinephrine act on the same mechanism in this 
system. It seems to us to be worthy of note that phosphorylase may bring about 
the formation of glycogen from glucose-1-phosphate and that.the net effect of this 
reaction presumably depends upon a number of factors, including the amounts of 


sugar or other precursors available. 

Considerable evidence has been discussed which suggests that glucagon may 
affect acidosis. Zimmermann and Donovan * found that this material produces 
a rise in the level of acetone bodies in the blood, which they attribute to a decrease 
in the availabie liver glycogen. Foa and Weinstein ** also failed to demonstrate 
any ameliorating effect of glucagon on acidosis. Rutman ** reported on studies from 
our group with similar results. There appear to be no reports demonstrating a 
decreased acidosis due to the administration of this material to acidotic animals. 
We also attempted to prevent the occurrence of acidosis by repeated administration 
of large amounts of this material, to no avail. 

It seems to us that a study of the effect of glucagon on lipid metabolism should 
be informative. Haugaard and Stadie ** noted that glucagon decreases the hepatic 
synthesis of fatty acid from labeled acetate. They suggested that this may result 
from the loss of hepatic glycogen rather than from a direct effect on the synthetic 
mechanism. We studied the effect on blood and liver lipids of administering 
glucagon preparations to normal and pancreatectomized dogs. The preparations, 
which contained small amounts of insulin, produced a decreased acidosis and a 
return of blood and liver lipids towards normal. It became apparent, however, 
when equivalent amounts of insulin were administered, that a similar effect was 
produced in the lipid values with little effect on blood sugar values. 

These observations imply that the amount of insulin necessary for the regula- 
tion of lipid metabolism and ketone body formation is less than that required for 
the maintenance of a normal blood sugar level. As suggested by Mirsky and 
co-workers,’® this may explain why, in chemically-induced diabetes in the dog and 
in stable human diabetes in which there is demonstrable circulating insulin in the 
blood ** and ample stores of insulin in the pancreas,’” acidosis does not develop 
readily. The very high sugar levels in such instances may be produced, however, 
by the second pancreatic hormone. We have concluded that either glucagon has 
no effect on lipid metabolism or that the effect produced is an indirect one and too 
subtle to be apparent when studied by the methods at our disposal. 

Several pertinent additional observations have been made on the mode of action 
of this material. We have studied the blood pressure response and have found no 
change after the administration of large doses of this material; nor have we found 
any effect on the eosinophile count in the human. Kirtley and his associates '° 
also studied the effect of this substance on blood lactate and pyruvate in comparison 
with the effect of epinephrine. They found no rise in either of these constituents 
after administration of glucagon, hence this material has no epinephrine-like action 
on muscle glycogen. 


22. Foa, P. P., and Weinstein, H. R.: Metabolic Effects of an Insulin Free Pancreatic 
Extract, Am. J. Physiol. 163:711 (Dec.) 1950. 

23. Rutman, J. Z.; Pincus, I. J.; Brown, L., and Scott, M.: Effect of HGF on Acidosis and 
Lipids in Intact and Depancreatized Dogs, Federation Proc. 12:121 (March) 1953. 

24. Haugaard, E. S., and Stadie, W. C.: The Effect of Hyperglycemic-Glycogenolytic Factor 
and Epinephrine on Fatty Acid Synthesis, J. Biol. Chem. 200:753 (Feb.) 1953. 
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IS GLUCAGON PHYSIOLOGICALLY ACTIVE? 

The fact that a substance can be extracted from tissue and has certain effects 
on enzyme systems does net conclusively prove that the substance in question is 
hormonal in nature. There is some evidence, however, that glucagon is a hormone. 
Koa *° and his collaborators performed cross-circulation experiments using alloxan- 
diabetic dogs as donors. Their findings suggest that pancreatic vein blood can 
elevate the blood sugar level of a normal animal. These observations are very sug- 
gestive but not entirely conclusive. Bornstein *® found that pancreatic vein blood 
obtained from cats treated with growth hormone had high concentrations of a 
substance which elevated the blood sugar of the sensitive test animals which he 
employed for assaying blood insulin levels. In a further group of observations 
from Foa’s laboratory *’ cross-circulation experiments showed more conclusively 
that the pancreatic vein blood contains a blood-sugar-elevating substance, particu- 
larly when insulin is given the donor dog, and, conversely, that glucagon injected 
into the donor dog produces a drop in the blood sugar level of the recipient. These 
findings not only seem quite conclusive but suggest that the secretions of glucagon 
and insulin maintain a relationship to each other and also may be controlled by 


other factors, such as growth hormone. 


CELLULAR ORIGIN OF GLUCAGON 

The alpha cell of the islets of Langerhans is a cell which contains secretory 
granules and would appear to be functioning actively and which has been sug- 
gested ** to be the source of this factor. The direct evidence that the alpha cell is 
the cell of origin of this material, however, is not entirely convincing. Lieber ** 
studied the pancreas of a number of alloxan-diabetic rabbits which we had observed 
over a prolonged period of time. After several months some of the very diabetic 
animals showed marked degranulation and swelling of the alpha cells. No change in 
their clinical state had been observed, and the blood sugar levels had not been 
depressed. Kadota and Midorikawa *° observed that the injection of diethyldithio- 
carbamate produces a selective destruction of the alpha cells, with at first a rise in 
blood sugar level, presumably occurring when the cells are destroyed and preformed 
glucagon is liberated, followed by a fall in blood sugar level, presumably produced by 
the unopposed action of insulin thereafter. We attempted to repeat these observa- 


tions by injecting the substance intravenously into rabbits previously made diabetic 
by alloxan. Those animals which survived were in very poor clinical condition and 
failed to eat, and the drop in blood sugar could, we thought, be attributed to this. 


25. Foa, P. P.; Weinstein, H. R., and Smith, J. A.: Secretion of Insulin and of a Hyper- 
glycemic Substance Studied by Means of Pancreatic-Femoral Cross-Circulation and Experiments, 
Am. J Physiol 157:197 (May) 1949. 

26. Bornstein, J. E.; Reid, F., and Young, F. G.: The Hyperglycemic Action of Blood from 
Animals Treated with Growth Hormone, Nature, London 168:903 (Nov.) 1951. 
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28. Heard, R. D. H.; Lozinski, E.; Stewart, L., and Stewart, R. D.: An Alpha Cell Hormone 
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Neither in the animals dying within 24 hours nor in those living for several days 
and then killed was Lieber ** able to demonstrate any abnormality in the alpha cells. 
Van Campenhout and Cornelis *! have found that cobalt chloride can produce a 
destruction of the alpha cells, with immediate hyperglycemia and subsequent hypo- 
glycemia. These observations have been confirmed, although the destruction of 
the alpha cells may not occur in all species. Goldner and co-workers,** however, 
have found that the hyperglycemia produced by cobalt may be reproduced by 
repeated injection of this material even after the alpha cells have presumably been 
destroyed by this drug; furthermore, they ** have found that similar hyperglycemia 


may be produced in the animal after pancreatectomy and removal of the stomach 


and duodenum. 

These observers ** have recently extracted the pancreas of animals which had 
been treated with cobalt, with destruction of the alpha cells, and have found normal 
amounts of glucagon in these organs. These observations cast doubt upon the 
alpha cell as the cell of origin of this factor. Much further study remains, therefore, 
to be done. 

CHEMICAL ISOLATION AND STUDY OF GLUCAGON 


Secause of the difficulty which has been encountered in separating glucagon 
from insulin by either chemical or physical methods it had been supposed that the 
two pancreatic hormones were similar proteins, made by cells of similar origin, 
with, possibly, minor differences in the prosthetic group. In a painstaking and 
thorough study Staub and co-workers ** have been able to separate the hypergly 
cemic factor from insulin by selective precipitation. The highly purified material 
which they obtained in crystalline form reacts positively to tests for proteins. When 
administered to a cat in doses of 0.1 y per kilogram it produces a significant rise in 
blood sugar, attesting to the remarkable activity of this preparation. The group at 
the Lilly laboratories are at present engaged in a further study of the material which 


they have prepared. 


PRESENT CONCEPT OF THE POSSIBLE ROLE OF GLUCAGON IN METABOLISM 


A review of the literature of islet cell tumors °° and of carcinoid tumors,*? which 
have certain histologic characteristics similar to the alpha cell of the pancreas, 
reveals a relatively low incidence of diabetes in patients harboring such growths 
ii 

31. Van Campenhout, E., and Cornelis, G.: Destruction expérimentale des cellules alpha des 
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32. Goldner, M. G.; Volk, B. W., and Lazarus, S. S.: The Effect of Cobaltous Chloride on 
The Blood Sugar and Alpha Cells in the Pancreatic Islets of the Rabbit, Metabolism 1:544 
(Nov.) 1952. 

33. Volk, V. W.; Lazarus, S. S., and Goldner, M. G.: Alpha Cell Damage and Blood Sugar 
Changes in Rabbits After Administration of Cobalt, Proc. Soc. Biol. & Med. 82:406 (March) 
1953. 
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36. Howard, J. M.; Moss, N. H., and Rhoads, J. E.: Collective Review: Hyperinsulinism 
and Islet Cell Tumors of Pancreas with 398 Recorded Tumors, Internat. Abstr. Surg. 90:417, 
1950, in Surg. Gynec. & Obst., May 1950. 
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Several patients who had diabetes were found to have islet cell tumors. Adequate 
staining procedures and extraction of the tumors were not, however, done in these 
cases. 

The possibility that an alpha cell hormone or glucagon may play a role in other 
clinical conditions has been suggested. Dana and co-workers ** suggest that it may 
play a role in the etiology of diabetic retinitis and renal vascular lesions. McQuarrie 
and his associates ** have noted an absence or decrease in the number of alpha cells 
in certain infants with a familial hypoglycemosis. And we have suggested the pos- 
sibility, as yet not proved, that the hypoglycemia observed in the newborn infant 
may be due to a similar disturbance, since it has been found that alpha cells are 
absent from the pancreas in some species at birth and make their appearance only 
after several days. 

A number of observers have suggested that von Gierke’s syndrome, which Cori 
and Cori *® have shown may be produced by one of several enzymatic defects, may 
in some instances be caused by a deficiency of the glucagon. Of four patients tested 
by us or by our associates three have shown no particular response to the adminis- 
tration of this substance. One infant was studied by Paschkis and showed a pro- 
longed and marked rise in blood sugar level after being given a relatively small 
dose of glucagon. This child has not been available for further study, however, and 
these observations must certainly be amplified and repeated. 

It is probably too early in our studies to state definitely what part glucagon plays 
in normal metabolism. It would appear to us that under normal conditions, with 
insulin present, it is an adjunct to insulin rather than an antagonist. Studies at 
present under way in our laboratory suggest that in the normal animal glucagon 
causes an increased deposition of glycogen in muscle. In raising the blood sugar 
level this factor, in effect, makes the hepatic glycogen stores available for insulin 
activity in the periphery. On the other hand, if insulin is absent or present in rela- 
tively small concentrations this substance appears to prodyce very different effects. 
It may cause increased liver glycogen formation by activating the phosphorylase, 
which in an environment of higher blood sugar concentrations may favor the 
deposition of hepatic glycogen. It seems possible that the marked variability of the 
glycogen stores ‘*' in some diabetic patients may account for the acidosis which 
develops in some patients. Hence, the relative amounts of glucagon and insulin may 
produce effects similar to those which have been noted in patients with diabetes, and 
an imbalance of these two substances may explain many of the observations which 
have heretofore been so difficult to understand. 

There is no conclusive evidence that glucagon is a ‘‘cause’”’ of diabetes. Pheo- 
chromocytomata, however, are commonly associated with diabetes. Since epine- 
veieatieie anime 
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Cells of Pancreas as Possible Etiological Factor in Familial Hypoglycemosis, Federation Proc. 
9: 337, 1950. 
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phrine and glucagon have been shown to influence phosphorylase activity in the 
same way, this latter substance may play a similar role in occasional cases of diabetes. 

It is our impression that this factor is more important as a modifying agent in 
patients with diabetes than as a causative agent of diabetes. 


SUMMARY 


Evidence has been presented that a substance, glucagon, which raises blood 
sugar level, can be extracted from the pancreas and, furthermore, is probably 
secreted by the pancreas into the pancreatic vein blood. This substance raises blood 
sugar level by releasing glucose from hepatic glycogen and apparently acts as an 
adjunct rather than as an antagonist to insulin. It is suggested that the presence 
of this factor may modify the response of a patient to insulin and possibly to other 
regulating hormones and may account for some hitherto unexplained phenomena 
in the diabetic patient. Further study of the physiologic role of this factor is 
required. 


Miss Marjorie Scott, Mrs. Lois Eichengreen, and Miss J. Hurwitz gave technical assistance. 
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‘ Hi HAZARD of hepatitis in the course of convalescence of a war casualty 

or otherwise injured person has been generally recognized. This is due 
mainly to the inadvertent introduction of the virus of hepatitis through the use of 
nonsterile or poorly cleansed syringes,’ needles, or surgical instruments and to the 
injection of blood or blood products such as plasma and thrombin * which may 
contain the virus of hepatitis. This type of hepatitis is distinct from that ordinarily 
seen and known as epidemic hepatitis. *Vhile the hospitalized patient may be 
exposed to both forms, that which is transmitted by blood or its products seems 
to be of greater importance and incidence. No accurate studies have been reported, 
but it is believed that with modern methods of therapy the risk of hepatitis in a 


hospitalized patient is considerably greater than in a nonhospitalized person under 


otherwise comparable conditions. 

It is well known that the incidence of hepatitis following the use of pooled 
untreated plasma is high. The risk is increased in direct proportion to the number 
of donors used in a pool.* During the years of World War II and in the period 
following it was reported that hepatitis developed in 2.5 to 7.3% of recipients of 
pooled plasma. The risk of hepatitis following the use of blood alone, on 
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the other hand, is usually reported as less than 1%.° In studies in which human 
volunteers have been used it has been shown that both the long-incubation-period 
hepatitis (serum hepatitis) and the short-incubation-period hepatitis (epidemic 
hepatitis ) can be transmitted by means of whole blood or plasma.® From a practical 


point of view, however, short-incubation-period hepatitis seldom follows the use of 
pooled plasma. The explanation for this is not clear, but it is believed that the 
short-incubation-period hepatitis is a rather widespread disease; hence, in pooled 
plasma sufficient immune antibodies are present to counteract or neutralize the virus 
of epidemic hepatitis. 

At the end of World War IL pooled human plasma was stock-piled for use of 
the Armed Forces in the event of an emergency. Surplus plasma was distributed 
for use to civilian physicians and hospitals, accompanied by adequate warning 
regarding the risk of hepatitis.’ Beginning in 1948 steps were initiated to irradiate 
plasma with ultraviolet light in order to inactivate the virus of hepatitis. This was 
first demonstrated to be possible by Oliphant and Hollaender,® and it was later 
demonstrated by Blanchard and his co-workers.” Although the risk of hepatitis with 
the use of this treated plasma was publicized to be minimal, occasional reports of 
hepatitis resulting from its use were seen.'® In some instances these seemed to be 
related to the same lot of plasma and were believed to be due to inadequate irradia 
tion. Until quite recently, therefore, much faith had been placed in ultraviolet irradi 
ation of plasma for protection against the spread of hepatitis. 

The outbreak of hostilities in Korea with the resulting inflow of casualties into 
hospitals in the United States made possible aii opportunity to establish the inet 
dence of hepatitis in a large number of recipients of whole blood and of pooled 
plasma, some of which had been irradiated with ultraviolet light. 


MATERIAL AND METHODS 


This study was conducted in three Army hospitals and included patients who were wounded 
between September 1950 and June 1951.!! Specific wards were selected in each hospital, where 
5. Neefe, J. R.: Viral hepatitis: Problems and Progress, Ann. Int. Med. 31:857-870, 1949 
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wounded patients had been concentrated. Only those patients admitted thereafter to these specific 
wards or who were present on these wards at the start of the survey were included in the study. 
The patients followed were those who were injured since September 1950 and who had received 
blood or blood and plasma in the Far East Command. No patient was used in whom hepatitis 
developed prior to the start of this study, and no patient from any other ward of the hospital 
was included. Thus the material was strictly confined to a definite sample of patients, who were 
followed from 45 to 180 days after injury. Initial identifying data were gathered from each of 
these patients. This included the date of injury, the number of blood and plasma transfusions 
received, and the dates of these infusions. As a check against the history, the clinical record 
was consulted in each case. It was noted that the field medical records were, in the main, 
extremely reliable and correlated well with the patient’s recollection of transfusions received. 
In certain instances differences were noted due to the fact that the patient had been unconscious 
when he received his transfusions or because he was evacuated so rapidly that he was unable to 
recall details of therapy received en route. When these differences occurred, only the recorded 
data were used for analysis. 

At weekly intervals each patient included in the survey was carefully examined by a medical 
officer trained in the recognition of viral hepatitis. At that time the patient was closely questioned 
to determine whether he had had anorexia, nausea, vomiting, cigarette distaste, headache, upper 
right quadrant ache, dark urine, or pruritus in the preceding week. These data together with 
the results of a physical examination of skin and sclerae, liver size, and tenderness, and spleen size 
were recorded on a flow sheet. In two of the three hospitals a morning urine specimen was 


Summary of Hepatitis Survey Data in Three Army Hospitals 


Plasma and Blood Blood Alone 


. EE ESSE ce maneneree eae 
Hepatitis Hepatitis 
Cases Cases 
Recipients, ~ Recipients, .—-——-————— 
No No Z No. No. % 


Hospital No. 1 rion 176 38 2 2 23 
ERE LE EE ae ee ET 5g , 4 5 114 
tc nccWdckbteseheeedsenciterenses ” , 26 3.8 


Totals 2hh y 332 : 3.6 


taken from each patient twice weekly and examined for bilirubin! and urobilinogen.13 When 
anything suggestive of liver disease was found in the history, physical examination, or the simple 
urine tests, blood was taken for liver function tests. 


RESULTS 
In the 10-month period covered by this survey a total of 587 casualties were 
followed. This figure includes 332 who received blood alone (average 5.6 units per 
patient) and 255 who received plasma and blood (average 1.4 units of plasma and 
5.3 units whole blood per patient). The two groups were otherwise comparable in 


severity of wounding, general physical condition, and time of evacuation from the 
theater. In the majority of cases the only reason which determined whether a 
patient received plasma or blood was the local supply situation. In many instances 
whole blood was available as far forward as the battalion aid station, in which case 
it was used in preference to plasma. When supplies of whole blood were exhausted 


or otherwise not available, plasma was substituted. 

12. Hawkinson, V.; Watson, C. J., and Turner, R. H.: A Modification of Harrison’s Test 
for Bilirubin in the Urine, Especially Suited for Mass and Serial Usage, J. A. M. A. 129:514- 
515, 1945. 

13. Watson, C. J.; Schwartz, S.; Sborov, V. M., and Bertie, E.: Studies of Urobilinogen 
V: A Simple Method for the Quantitative Recording of the Ehrlich Reaction as Carried out 
with Urine and Feces, Am. J. Clin. Path. 14:605, 1944. 
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A detailed summary of the results of this survey is shown in the Table. In 56, 
or 21.9%, of the wounded who received blood and plasma hepatitis with jaundice 
developed (total serum bilirubin 2 mg. per 100 cc. or more). In only 12, or 3.6%, 
of the casualties who received blood alone did hepatitis with jaundice develop. 
Figure 1 shows the month by month percentage of hepatitis, with a three-month 
floating mean for each of the two groups. With the exception of December 1950 
(one casualty was studied and in him hepatitis developed) the percentage of hepa- 
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Fig. 1—Month by month percentage of hepatitis in Korean casualties 
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Fig. 2.—Probable incubation period of hepatitis in Korean casualties 


titis in those receiving blood and plasma varied from 10 to 28%. In those who 
received blood alone, on the other hand, the month by month percentage varied 
between 0 and 9%. 

Of some interest in this study was the incubation period in the patients in whom 
hepatitis developed Since it was impossible to establish the exact time of exposure 
to the virus in the patients in whom jaundice did develop, the “probable incubation 
period” was used. This was defined as the number of days from the day of injury 
(the time of most infusions) to the first day of jaundice. The “probable incubation 
period” was found to vary from 44 to 151 days, with a mean of 90.3 + 11.7 
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(Fig. 2). Only two patients showed a probable incubation period of less than 60 
days. This was interpreted to indicate that the virus of the short-incubation-period 
hepatitis was probably not present in significant amounts in this group. 


COMMENT 
At the time of the outbreak of hostilities in Korea, in June of 1950, only unir- 
radiated plasma was available in the Far East Command. One month later, how- 
ever, plasma which had been reconstituted, pooled irradiated, and lyophilized had 
reached the medical supply depots in Japan. It can be assumed that as the stocks 


of untreated plasma in the forward areas were exhausted they were replaced with 


ultraviolet-irradiated plasma. As late as March 1951, however, some unirradiated 
plasma was reported to be present in the using units. Because of this, the month 
by month incidence of hepatitis assumes great interest. It is believed that the cases 
of hepatitis occurring in those wounded during the first few months of this survey 
must reflect that resulting from the use of the untreated lots of plasma alone. 
A transition period would be expected to follow, after which only irradiated plasma 
was used, but this plasma was obtained from larger pools.'* The predicted change- 
over did not result in a significant difference in the incidence of hepatitis. This 
suggests that all of the unirradiated plasma pools contained hepatitis virus and that 
the incidence figures seen merely show the number of persons in an exposed group 
in whom hepatitis with jaundice which can be detected with the method used in 
this survey will develop. Thus, no matter how many more donors are added to the 
original pool, a greater number of hepatitis cases will not result. This assumes, of 
course, that the ultraviolet irradiation has no effect upon the virus of hepatitis. In 
small groups of volunteers inoculated with known infected materials it has been 
shown that the usual incidence of hepatitis with jaundice is 15 to 50%,'° a figure 
somewhat higher than that seen in this study. However, with the use of yellow 
fever vaccine containing human serum and a larger sample of recipients the highest 
incidence of jaundice with known contaminated material was about 9.5%,'" but this 
represented a much smaller inoculum per patient. It is also possible that although 
results from the later months of this study reflect the use of larger size pools the 
ultraviolet irradiation affected the incidence somewhat so. that the final figures are 
similar to those seen at the start of the survey. This seems unlikely, because of the 
recent demonstration by Oliphant and Murray that similar ultraviolet irradiation 
of known contaminated plasma will not reduce the incidence of hepatitis in human 
volunteers." 

The figures for hepatitis in this study that relate to the use of blood alone are 
higher than those previously reported and generally accepted. Due to the many 
difficulties encountered in a combat situation it is possible that some of these 
<a 

14. If 50 to 100 untreated units, each containing material from 50 donors, were pooled for 
irradiation, the theoretical number of donors for each unit of treated plasma would be 2,500 to 
5,000. 

15. Oliphant, J. W.; Gilliam, A. G., and Larson, C. 1 Jaundice Following Administration 
of Human Serum, Pub. Health Rep. 58:1233-1242, 1943. Footnote 6. 

16. Sawyer, W. A.; Meyer, K. F.; Eaton, M. D.; Bauer, J. H.; Putnam, P., and Schwentker, 
F. F.: Jaundice in Army Personnel in the Western Region of the United States and Its Relation 
to Vaccination Against Yellow Fever, Am. J. Hyg. 39:337-430, 1943. 

17. Oliphant, J. W., and Murray: Personal communication to the authors. 
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patients may have received plasma as well as blood and that this was not recorded 
on the field medical record. It is also possible that because these casualties each 
received multiple whole blood infusions the risk ot hepatitis was proportionally 
increased. 

The lack of knowledge of the specific lots of pooled plasma used in these cases 
plus the use of multiple infusions of whole blood render exact formulation from these 
data impossible. It seems highly likely, however, that the figures previously avail- 
able for the incidence of hepatitis following the use of pooled plasma are too low. 
The difference can be explained by the method of follow-up used. In most studies ** 
this has consisted of a questionnaire sent to the patient or data obtained from a 
single interview of the recipient or his doctor several months after the transfusion 
was given. The accuracy of this type of study depends mainly upon the observation 
and the memory of the patient, both of which may be faulty. In contrast to this are 
the obvious advantages of the method of follow-up used in the present survey. 

Finally, it is the opinion of the authors that this survey supplies sufficient infor 
mation to state with reasonable certainty that irradiation with ultraviolet light as 
carried out in the plasma used for these casualties does not significantly affect the 


mecidence of viral hepatitis among the recipients. 


SUMMARY 


In a careful follow-up study of 587 wounded soldiers it was found that in 21.9% 
of those who received blood and plasma hepatitis with jaundice developed. This 
was in contrast to an incidence of 3.6% among those who received blood alone. 

The mean incubation period for this hepatitis was 90.3 + 11.7 days, indicating 
that it probably all represented long-incubation-period hepatitis. 

Although it is known that plasma irradiated with ultraviolet light was used dur 
ing the latter period of this survey, a month by month breakdown of the incidence 


of hepatitis reflected no significant prevention of hepatitis by the irradiation. 


Department of Medicine, University of California Hospital (22) 


Rockefeller Institute for Medical Research, 


Department of Pathology, Mayo Clinic. 


18. McGraw, Strumia, and Burns.* Footnote 4) and c. 





OSTEOBLASTS AND OSTEOCLASTS IN BONE MARROW ASPIRATION 


Previously Undescribed Cell Findings in Paget’s Disease (Osteitis Deformans) 
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NEW YORK 
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ALBERT L. FREEDMAN, M.D. 
BROOKLYN 


IR JAMES PAGET'S classic report ' on osteitis deformans was followed by 
numerous investigations * which have established the protean clinical manifesta- 
tions, the specific pathological picture, the biochemical alteration, and the roentgeno- 
graphic abnormalities which characterize this condition whose causation still remains 
obscure. Although the clinical diagnosis is often made readily, at times there may be 
great difficulty in differentiating Paget’s disease from other bone disorders, especially 
from osteoblastic cancer metastases.* 

In this communication, hitherto undescribed cell findings in bone marrow 
aspirates will be reported. These cell findings were noted in eight consecutive cases 
of Paget’s disease and consist of large mononuclear cells and giant multinucleated 
syncytial forms, both of which have unique morphological characteristics. The 
detailed cytology of these cells and their significance will be presented below. 


INITIAL OBSERVATIONS 


Early in 1952, an iliac bone marrow smear from a patient (Case 1) with suspected 


pernicious anemia was examined by us. It lacked normal marrow elements but con- 


tained several clumps of unusual large cells, which were reported as “reticulum cells, 
possibly neoplastic.”” However, they could not be identified with any of the neo- 

From the Division of Neoplastic Diseases and the Medical Division, Montefiore Hospital. 

1. Paget, J.: Ona Form of Chronic Inflammation of Bones (Osteitis Deformans), Medico- 
Chirurg. Trans. London 60:37, 1877. 

2. Only few out of very many bibliographical references can be given here. (a) Schmorl, G. 
Uber Ostitis deformans Paget, Virchows Arch. path. Anat. 283:694-737, 1932. (b) Gutman, 
A. B., and Kasabach, H. H.: Paget Disease (Osteitis Deformans) : Analysis of 116 Cases, Am 
J. M. Sc. 191:361, 1936. (c) Brailsford, J. F.: Paget's Diseases of Bone: Its Frequency, 
Diagnosis and Complications, Brit. J. Radiol. 11:507-32, 1938. (d) Kay, H. D.: Plasma Phos- 
phatase in Osteitis Deformans and Other Diseases of Bone, Brit. J. Exper. Path. 10:253-256, 
1929. (e¢) Gutman, A. B.; Tyson, T. L., and Gutman, E. B.: Serum Calcium, Inorganic 
Phosphorus and Phosphatase Activity in Hyperparathyroidism, Paget’s Disease, Multiple 
Myeloma and Neoplastic Disease of the Bones, Arch. Int. Med. 57:379, 1936. (f) Jaffe, H. L. 
Paget’s Disease of Bone, Arch. Path. 15:83, 1933. (g) Snapper, I.: Medical Clinics on Bone 
Diseases, Ed. 2, New York, Interscience Publishers, Inc., 1951. 

3. Sutherland, C. B.: Differentiation of Osteitis Deformans and Osteoplastic Metastatic 
Carcinoma, Radiology 10:150, 1928. Brailsford, J. F.: The Radiology of Bones and Joints, 
Baltimore, Williams & Wilkins Company, 1934 
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plastic cell types previously described elsewhere. When it was learned that the 
patient had well-documented osteitis deformans, we considered that these cells might 
indicate the sarcomatous change which sometimes occurs in this disease.* 

A year later, a routine iliac marrow aspiration in another patient with Paget’s 
disease showed the same peculiar cells. Review of the first case revealed that in the 
interim no clinical or roentgenographic change had occurred and that the same cells 
could still be aspirated from the ilium. 
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Fig. 1 (Case 4).—Iliac aspiration, showing clusters of individual mononuclear cells in other- 
wise aplastic marrow; x 260. 


It was then postulated that these cells might be characteristically found in bone 
marrow aspirates from areas of osteitis deformans, and, accordingly, bone marrow 
studies were performed in five additional cases of osteitis deformans. In each case 
csi 

4. Rubinstein, M. A., and Smelin, A.: Neoplastic Cells in Bone Marrow Aspiration, Acta 
Haemat. 5:292, 1951. 

5. Bird, C. E.: Sarcoma Complicating Paget’s Disease of the Bone: Report of 9 Cases; 
5 with Pathologic Verification, Arch. Surg. 14:1187, 1927. Camp, J. D.: Sarcoma Complicating 
Osteitis Deformans, Radiology 5:495, 1925. Coley, B. L., and Sharp, G. S.: Paget's Disease: 
A Predisposing Factor in Osteogenic Sarcoma, Arch. Surg. 23:918, 1931. 
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aspiration was done from iliac bone that was roentgenologically involved with the 
disease, and the typical cells were recovered in all instances. An eighth case (Case 3) 
was acquired when one of us (.\. 5.) recalled having seen morphologically similar 
cells in the iliac marrow of a patient studied in 1951; review of the chart and slides 


confirmed the existence of Paget’s disease and the characteristic cells, respectively. 


Clumps of individual cells showing vacuolated appearance of cytoplasm 


DESCRIPTION OF CELLS 

Two unique cytologic elements may be distinguished in bone marrow aspirates 
from areas of osteitis deformans: (1) individual mononuclear cells occurring singly 
and in clumps and (2) multinucleated syncytial forms. 

Individual Mononuclear Cells (igs. 1, 2, 3, 4, and 5).—These elements can be 
easily recognized with the low-power objective. They are large (25 to 50 » in the 
greatest diameter), ovoid in shape, and generally have hazy ill-defined cytoplasmic 
borders. The nucleus is round and has a diameter of 12 to 16 ». It is characteristic- 


ally located eccentrically and frequently appears to have been partially extruded from 
the cytoplasm (Fig. 4). With Wright’s stain the nucleus takes on a lilac to purple 


hue and contains one or several clear blue nucleoli. The cytoplasm stains gray-blue 
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to deep blue and often has a stippled or ground-glass appearance. It frequently 
contains a central clear zone, around which a few azurophilic granules may be found. 
The staining properties of the cytoplasm are not uniform, and the impression of 
vacuolization may be created ( Fig. 2). The cytoplasm: nucleus ratio is about 3:1, 
considerably greater than for most tumor cells. 

The individual cells may appear singly scattered through the smear or in 
clumps of two or more cells. In contradistinction to the syneytial cell forms to be 


Fig. 3 (Case 4).—Several mononuclear cells showing eccentric nuclei and cytoplasmic granu 
lation 


described below, clumps of individual cells always contain independent cytoplasmic 
borders. Originally we described these cells as “reticulum-plasmacytoid” elements 
and to those unfamiliar with their appearance they may, at first glance, seem to 
resemble plasma cells, reticulum cells, or, especially when found in clumps, tumor 
cells. With but little experience, however, the morphological differentiation is 
simple. 


The number of these cells in the aspirate varies greatly in individual cases, 


ranging from 20 or more single or clumped cells per high-power field to only a few 


cells in an entire smear. As a rule, hemopoietically aplastic smears contain large 
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numbers of these cells, while active marrows contain few. In addition to iliac aspira- 
tion, in three cases sternal and in a fourth case vertebral aspiration was performed 
and examination showed essentially normal hemopoietic activity and none of the 
characteristic cells ; these bones were normally resistant to needle puncture and were 
not involved with osteitis deformans roentgenographically. 

Syncytial Cell Forms (Figs. 6 and 7).—These multinucleated elements were 
recognized in three cases (Cases 1, 4, and 5). They may reach huge sizes (over 


fi 
ima *F 
Fig. 4 (Case 6).—Single mononuclear cell. Note “extruded” nucleus with nucleoli, central 
clear zone, and fuzzy cytoplasmic borders; 1,100. 


200 ») and occasionally contain as many as 100 nuclei, but smaller forms containing 
only a few nuclei are frequently seen. It is possible that the latter are portions torn 
from the former giant cells in the process of making the smear. The nuclei, which 
are distributed haphazardly throughout the syncytium and are sometimes arranged 
in rouleaux, are of uniform size and appearance and often contain one or several 
nucleoli; they are morphologically not dissimilar to the nuclei of the single mono- 
nuclear cells described above. The cytoplasmic mass is much less abundant in rela- 
tion to the nuclear mass in the syncytial than in the mononuclear forms. The 
cytoplasm appears gray to blue with Wright's stain, has a ground-glass or hazy 
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quality, and may contain azurophilic granules much like the cytoplasm of the mono- 
nuclear cell. The syncytial cells are readily differentiated from megakaryocytes, the 


only norma! marrow elements which approach them in size. 


REPORT OF CASES 
Case 1.—M. C., a 63-year-old woman, has been hospitalized for many years because of a 
neurologic disorder, probably multiple sclerosis. Repeated bone surveys have shown roentgen 
manifestations of Paget’s disease limited to the pelvis (Fig. 84). The blood alkaline phosphatase 


oe. mie OF 
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Fig. 5 (Case 3).—Clumps of mononuclear cells. Note individuality of cell borders. 


was elevated and has ranged between & and 15 Bodansky units. The levels of serum calcium 
phosphorus, albumin, and globulin and results of liver function studies have been normal. The 
red and white cell counts have remained essentially normal. 

A left iliac bone marrow aspiration was done in February 1952 to help rule out subacute 
combined degeneration. It showed hemopoietic aplasia and a number of single and clumped 
unique mononuclear cells (Fig. 2). During the following year five bone marrow aspirations 
were performed: two, from the left iliac crest, confirmed the presence of destructive mono 
nuclear cells and demonstrated several giant syncytial cells; one, from the right iliac crest, showed 
less aplastic marrow and contained a few mononuclear and syncytial forms, and two, from the 


sternum, showed hyperactive but essentially normal marrow. 
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The patient’s clinical condition has remained unchanged, and her Paget's disease is asymp 
tomatic 

Case 2.—H. B., a 61-year-old man, has, over the past 10 years, suffered pathological fractures 
of the right tibia, right radius, and spine. Roentgenograms of the skeletal system show advanced 
osteitis deformans of the spine, pelvis, right radius, and tibia (Fig. 8B). Biopsy of the vertebral 
] 


body in 1949 was pathognomonic for this conditior Blood alkaline phosphatase has ranged 


¥, 


Fig. 6 (Case 4).--Low-power view of a giant syncytial form; « 180 


between 29 and 50 Bodansky units. Blood calcium and phosphorus and hemograms are essentially 
normal. 

Iliac bone marrow aspirations in January 1953 revealed the absence of normal marrow ele- 
ments and the presence of many of the characteristic cells, both singly and in clumps (Fig. 9) 
No syncytial forms were observed. A sternal marrow aspirate was hyperplastic and of normal 


composition. 


Case 3.—J. W., a 75-year-old white man with hypertension, was hospitalized in 1951 for 


congestive heart failure. He had the residual hemiplegia of a cerebral thrombosis that had 
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curred a year before. Roentgenograms showed osteitis deformans of the pelvis and skull 
(Fig. 10). Blood alkaline phosphatase was 4.1 Bodansky units on a single determination. Hemo 
grams and blood calcium and phosphorus were normal 

In August 1951 a left iliac aspirate showed moderately active marrow containing numerous 
large mononuclear cells both singly and in clumps.® At that time these were considered to be 
“tumor cells” from an unknown primary site. Shortly thereafter, the patient died from cardiac 


causes and autopsy revealed generalized arteriosclerosis and hypertensive-arteriosclerotic heart 


Fig. 7 (Case 4).—High-power view of the syncytial cells shown in Figure 6; 770. 


disease but no evidence of cancer. When, in retrospect, the bone marrow slides were reviewed 
in 1953, the previously considered “tumor cells” were found to be identical with cells described 
in this paper. No syncytial forms were noted 

Case 4.°—Because of a two-year history of low back pain and sudden onset of cord compres- 
sion, this 46-year-old man H. I. was hospitalized in January 1953. Roentgenograms showed 
Paget’s disease involving the pelvis, lumbosacral spine, and ribs. Blood alkaline phosphatase 
was 18.5 Bodansky units. The hemogram, blood calcium, and phosphorus were essentially normal 


em 


6. Permission to do bone marrow studies and to present this case was granted by Dr. Ralph 
Greenberg. 
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Deconipressive laminectomies were performed at the first lumbar and eighth thoracic vertebrae 


with good results. Bone typical of osteitis deformans was noted at operation, and the diagnosis 


was confirmed histologically 


marked osteitis 


Fig. 8—A, roentgenogram showing osteitis deformans of pelvis in Case 1. 2, 
deformans of spine and right pelvis in Case 2 


Postoperatively, bone marrow aspirations were performed from the sternum and both iliac 
crests. The left iliac crest was abnormally soft, and a marrow smear was hypoplastic, with 
numerous of the typical mononuclear (Figs. 1 and 3) and giant syncytial forms present (Figs 


6 and 7). A few of the mononuclear cells were seen in marrow from the right iliac crest. but 


none were obtained from the sternum 





x 310. 


f pelvis. 


s disease o 


, 


2 
= 
= 
4 
v 
of 
A 
7) 
> 
Y 
NY 


Fig. 10 (Case 3).—Paget 


Fig. 9 (Case 2). 
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Case 5.7-—Because of crippling Paget’s disease, this elderly kyphoscoliotic dwarf (A. L.) ha: 
been hospitalized for over 10 years. His main symptomatology is referable to cranial and spinal 
involvement. Roentgenograms show osteitis deformans involving the skull, pelvis, spine, both 
tibias, and the left femur and humerus. Blood calcium and phosphorus have been normal, and 
alkaline phosphatase has ranged from 41 to 50 King-Armstrong units. 

A left iliac crest aspiration demonstrated soft bone and revealed aplastic dilute marrow 
containing the typical mononuclear cells both singly (Fig. 4) and in clumps. None of the 
syncytial forms were noted. 

Case 7.7—This chronically ill 73-year-old man (C. T.) suffers from bone disease, arterio 
sclerotic heart disease, and a duodenal ulcer. Roentgenograms were interpreted as showing 
osteoporosis circumscripts and typical osteitis deformans in the skull, pelvis, femora, and right 
shoulder. Blood calcium was 12.2 and 12.0 mg., phosphorus was 2.1 and 2.2 mg., and alkaline 
phosphatase was 58.5 and 100 King-Armstrong units. Clinicians in charge of the case consider 
the diagnosis to be Paget’s disease although primary hyperparathyroidism has not been com 
pletely ruled out. 

Needle aspiration from the soft left iliac crest obtained dilute hypoplastic marrow containing 
the typical cells, singly and in clumps, in small numbers. The syncytial forms were absent. 

Case 8.—This elderly woman (M. C.) with the typical roentgen manifestations of advanced 
osteitis deformans has a pathological fracture of the right femur. She also suffers from hyper- 
tensive and arteriosclerotic heart disease. The blood calcium and phosphorus are normal, and 
alkaline phosphatase is 53 King-Armstrong units. 

A right iliac bone marrow aspirate revealed normal cellularity and rare mononuclear cells 
having the same appearance as those seen in the previous cases. Syncytial forms were absent 


COMMENT 
An extensive review of the literature concerning osteitis deformans reveals that 
the bone marrow has been infrequently studied and that unusual cell findings have 


not previously been reported.* The failure to recognize the cells described in this 


report previously may be attributed to the following causes: 1. Sternal marrow 
aspiration has been the usual procedure elsewhere. Paget's disease rarely involves 
the sternum but involves the pelvis most frequently.’ The iliac crest is the usual 
site of bone marrow aspiration at this hospital.'° 2. The unusual cells may have 
been observed but discounted as reticulum cells, plasma cells, smudged cells, ete 
3. The aplastic marrow, in which these cells usually occur, may have been discarded 
as an unsatisfactory specimen without being carefully studied. 

Since the characteristic cellular elements were found in all cases of Paget’s disease 
when aspiration was made at the site of bone involvement and were absent from 
uninvolved areas, the confirmatory diagnostic importance of bone marrow aspiration 
in this disease is quite evident. However, these cells cannot be considered path- 
ognomonic of osteitis deformans. Indeed we have recovered them in other conditions, 
as noted below. There is no reason to expect that cells pathognomonic of Paget’s 
disease should be found in bone marrow aspirates, since, pathologically, it is the 


7. Permission and arrangements to study and present this case, from the Goldwater Memorial 
Hospital, were provided by Drs. H. Kaden and H. Spencer. 

8. Rosenkrantz, J. A.; Wolf, J., and Kaicher, J. J.: Paget’s Disease (Osteitis Deformans) : 
Review of 111 Cases, A. M. A. Arch, Int. Med. 90:610, 1952. 

9. Dickson, D. D.; Camp, J. D., and Ghormley, R. K.: Osteitis Deformans: Paget's Dis- 
ease, Radiology 44:449, 1945. 

10. Rubinstein, M. A.: Aspiration of Bone Marrow from the Iliac Crest: Comparison of 
Iliac Crest and Sternal Bone Marrow Studies, J. A. M. A. 137:1281, 1948. 
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deranged architecture of involved bone, and not the cytology, that is diagnostic. 
Correlation of the cytologic findings presented in this report with the morbid anatomy 
of osteitis deformans might therefore be illuminating. 

Osteitis deformans is characterized by markedly accelerated bone resorption and 
bone repair. There is evidence that the initial lesion is bone destruction produced 
by an unknown localized factor,'! and in this phase numerous osteoclasts are seen 
The involved bone becomes more susceptible to stresses and strains; osteoblasts 
multiply in number and activity, as is reflected by a rising serum alkaline phos- 
phatase. In the areas most subject to stress and strain (pelvis, spine, femora) bone 
repair usually occurs almost simultaneously with bone destruction, resulting in the 
characteristic “mosaic structure” (Schmorl *“) due to the irregular bizarre arrange- 
ment of the cement lines within the trabeculae. In areas less subject to stress (skull) 
bone repair may lag behind bone destruction, resulting in osteoporosis circumscripta 
The usual histology of involved bone includes marked fibrosis, and the thickened 
and distorted bone trabeculae are lined by increased numbers of osteoblasts and 
osteoclasts. 

In correlating this histologic picture with the cell forms described in this paper 
the first thought would be that the mononuclear cells are osteoblasts and the multi- 
nucleated syncytial forms are osteoclasts. Such identification is supported by studies 
of the histologic appearance of growing bone.’* The individual cells found on aspira- 
tion correspond to tissue cells described by histologists as osteoblasts, while the 
multinucleated forms closely resemble the syncytial elements described as osteo- 
clasts."* Comparative cytologic and cytochemical studies on material from bone 


marrow aspirates and from bone biopsy obtained from the same area of osteitis 


deformans are in progress here. 

A search is also being conducted for the unique mononuclear and syncytial cells 
in conditions other than Paget’s disease which are known to be accompanied by 
increased osteoblastic and osteoclastic activity. Physiologically such increased activity 
occurs in the growth zones of infants’ bone and at the site of fracture undergoing 
repair. Pathologically, it may occur in rickets, primary and secondary hyperpara- 
thyroidism, and in association with certain blood dyscrasias in osteoblastic malig 
nant disease of bone. 

Review of the literature reveals two independent reports '* in which mononuclear 
and syncytial forms closely resembling those described in this paper were recovered 
in bone marrow aspirated from the growth zones of the long bones of normal infants 
and from rachitic bone. 

We have observed a few of the mononuclear cells in the marrow of a patient with 
osteoblastic metastases secondary to carcinoma of the breast; a review of over 20 
similar cases of osteoblastic cancer (the bone marrow smear in each case containing 
typical clumps of tumor cells) was negative for the cells described in this paper. We 


11. Albright, F., and Reifenstein, E. C., Jr.: The Parathyroid Glands and Metabolic Bone 
Disease, Baltimore, Williams & Wilkins Company, 1948, p. 249. 

12. Esser, M.: Osteoblasten und Osteoklasten in Knochenmarkaustrichen, Helvet. med. acta 
12:265, 1945. 

13. Cazal, P., and Bertrand, L.: Les cellules de la zone ostéoide du cartilage de conjugaison 
dans le myélogramme tibial de l’enfant (et plus particuliérement de l'enfant rachitique), Rev 


hémat. 1:293, 1946. Esser.?2 
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have also noted a few of the mononuclear cells in one case of osteosclerosis secondary 
to myelogenous leukemia and in one case of anemia (possibly Cooley's) in a child 
In conditions other than Paget’s disease, we have found large numbers of the mono- 
nuclear cells and also syncytial cells in only one case. This was in a young man with 
uremia and secondary hyperparathyroidism. In one case of probable primary hyper 
parathyroidism studied the unique cells were found. These findings will be the 
subject of a separate publication 
SUM MARY 

lwo cell types previously undescribed in bone marrow aspirated from patient: 
with osteitis deformans were found (either independently or in association) in eigh 
consecutive cases of this disease. The cells were present only in aspirates fron 
involved bone. 

Other conditions in which one or both cells were found are noted. 

The morphologic characteristics of the two cells, their incidence, and their rela 
tion to other bone marrow elements are presented. 

Evidence and a rationale are presented which identify these cells, a mononuciea: 
and multinucleated form, with the osteoblast and osteoclast, respectively. 

The finding of these cells in bone marrow aspirates may be of value in providing 


confirmatory evidence or leading to suspicion of Paget’s disease and certain other 


conditions. The cells should not be confused with tumor cells 


2024 Creston Ave., Bronx 53, N. Y. (Dr. Smelin) 





FAMILIAL CLUBBING OF FINGERS AND TOES 
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HE CLUBBING of the digits described by Hippocrates in the fifth century 

B. C. was associated with one of the progressive morbid states that may present 
this physical finding, 1. e. empyema. Other maladies which may produce clubbing 
include chronic suppurative lung disease, cyanotic congenital heart disease, subacute 
bacterial endocarditis, liver cirrhosis, and inflammatory or neoplastic disorders of 
the gastrointestinal tract. But not all clubbing of the fingers or toes portends serious 
organic dysfunction. Clubbing may be present as an hereditary anomaly in selected 
tamilies.'’ When this anomaly is observed in a presumably healthy person, inquiry 
into the duration of the abnormality and the possible familial distribution may be 
rewarding. At least this was our experience 

\lthough the familial and acquired forms of clubbing have a similar appearance 
superficially, the former variety occasionally may involve only one or two fingers 


symmetrically. The rule, however, is symmetrical involvement of all digits. The 


characteristic presumably is transmitted as a simple Mendelian dominant.? Ebstein,* 
to the contrary, submitted certain data from two pedigrees which suggested its 
transmission as an irregular dominant. 

The “B” family in western New York, stigmatized by familial clubbing, first 
came to our attention approximately five years ago. Marked symmetrical clubbing 
of the fingers and toes was observed in a member of the second generation, who was 
admitted to the Buffalo General Hospital with a presumptive diagnosis of heart 
disease. Mild dyspnea on exertion was the chief complaint, and clubbing of the 
fingers and toes was an arresting physical finding. The examination revealed no 
evidence of organic disease of the internal systems. The suspect was not cyanotic. 
Roentgenographic study of the chest and long bones revealed no abnormalities 
Functional studies of the heart, lungs, liver, and gastrointestinal tract revealed no 


From the Departments of Medicine of the Buffalo General Hospital and The University of 
Buffalo School of Medicine. 

The Buffalo Chapter of the Arthritis and Rheumatism Foundation (a Community Chest 
activity) has contributed to the support of the researches on joint disorders conducted by the 
department 

1. Fraentzael, O.: Deutsche med. Wehnschr. 14:651, 1888 Freytag, A.: Uber die 
Trommelschlagelfinger und Knochveranderungen bei chronischen Lungen- und Herzkrankheiten. 
Bonn, Hauptmann, 1891. Mangelsdorf, J.: Wein. med. Wehnschr. 35:361, 1885. 

2. Neurath, R.: Wein. klin. Wehnschr. 45:1210, 1932. 

3. Ebstein, E.: Dermat. Wehnschr. 68:113, 1919. Ebstein, E., in Heller, J.: Die Krank- 
heiten der Nagel, Berlin, Springer-Verlag, 1927 
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demonstrable disturbance. Inquiry disclosed that the clubbing had been present tor 
as long as the patient could recall and that other members of the family were simi- 
larly afflicted in the absence of clinical disease. A medical-social survey was then 
made by one of us (W. M.). 

A systematic investigation of each living member of the family who was sympa- 
thetic to the study reveled that a majority exhibited this inherited trait. To all 
outward appearances, and, in some instances as evidenced by complete physical 
examination, each was free from organic disease. Random sampling of roentgeno- 
grams of the chest, hands, and wrists failed to uncover any well-developed or inci- 
pient heart or pulmonary disease or the presence of hypertrophic pulmonary 


osteoarthropathy 


ED GUT THE APPEARANCE WAS NOT TYPICAL 


THE “B” FAMILY 
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Genealogical tree of “B” family. 


For the purpose of the study the family consisted of almost 75 persons, whose 
ages at the time of the initial examination ranged from 9 days to 72 years. Four 
generations are reported among the living members. The paternal parent of the 
line was never seen, but photographs and descriptions of his hands have convinced 
us that it is acceptable to include him in the family tree as an affected member. Thus. 
in fact, five generations are covered. 

The genealogical results of the survey are shown in the Figure. Each member 
of the second generation was seen, except three. One was a dead twin. The two 
indicated on the extreme right of the figure were not seen but were reported to 
have clubbing. Thus, the percentage of clubbing of the second generation is almost 
100%. The members of the following generations were not studied as completely, 
but well-developed clubbing was readily recognized in many of them. 

If it is assumed that the original parent was a homozygos with a normal wife, 
the characteristic behaves as a simple Mendelian dominant. It does not appear to 
be sex linked and is not sex influenced. It passes through males and females, and 
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no generations are skipped. The first parent died in his 80’s and none of the family 
has had any serious illnesses, at least none which kept him from work or school. 
[t was not possible to deterraine whether intermarriage had occurred in this family 

Clubbing in our series was called positive when the changes which ar2 supposed 
to appear first in the condition were present. There is an obliteration of the normal 
angle between the plane of the nail root and that of the bone of the distal phalanx. 
This angle is approximately 15 degrees in the person without clubbing. The angle 
becomes obliterated by thickening of the fibroelastic tissue of the nail bed and coinci- 
dent elevation at the base of the nail. A heaped-up thickened eponychium and 
paronychium are common. The nails become rounded and shiny, and there is 
increased resiliency of the base of the nail so that an easy forward and backward 
rocking effect is produced. The ends of the fingers are warm and red, and the nails 
grow more rapidly. The familiar full-blown picture of curved nails and drumstick 
terminal phalanges offered no problem. In such instances x-ray studies show 
splaying of the phalanges.° 

The time of onset of clubbing is not always noted by the person himself. It is 
not an easy task for a lay person to recognize minimal degrees of change. Futher- 

g, 

toms and development is usually so gradual that the afflicted person is frequently 


more, in simple clubbing, either acquired or inherited, there may be no local symp- 


not aware of it. It has been presumed in the case of familial clubbing that the condi- 
B” family, 


““ 


tion is present at birth. A number of infants have been observed in the 
and the difficulty in recognizing the condition has been outstanding in each of the 
children. We believe that the youngest child in whom we could be fairly certain 
that clubbing existed was 2 years old. Babies’ fingers have slightly bulbous ends 
normally, and the nail changes have not been prominent. Most members of the 
family were not particularly aware of the finger changes until they were pointed 
out. This may indicate that the changes were present for a long time or developed 
very slowly. The most striking observation was the fact that the condition was 
more pronounced in older persons.® If the family members over 50 had clubbing 
they had it to a marked degree. It would appear that the condition is not a static 
one, as has been suggested, but that there is some physiologic change associated 
with advancing years that makes the condition more manifest. This is perhaps 
consistent with the observations made on other hereditary traits which do not 
become apparent clinically until later years. Why development of the inherited 
characteristic is sometimes delayed and why the acquired type may wax and wane 
probably cannot be answered until the pathogenesis of acquired clubbing in known 

It has been postulated generally that the condition is the result of arterial anoxia, 
but this theory fails to explain the condition when diminution of the arterial oxygen 
saturation in the large vessels cannot he demonstrated. Recently Mauer’ has 


postulated that for certain physical-chemical reasons, and possibly anatomical ones 
as well, oxygenation of the tissue in the distal phalanges is deficient, thus accounting 
for clubbing. Since the degree of tissue oxygenation cannot be measured satisfac- 


4. Horsfall, F. L., Jr.: Canad. M. A. J. 34:145, 1936. Kayne, G. G.: Proc. Roy. Soc 
Med. 26:270, 1933. Seaton, D. R.: Brit. M. J. 1:614, 1938 

5. Witherspoon, J. T.: Arch. Int. Med. 57:18, 1936 

6. Lewy, F.: Med. Klin. 17: 845, 1921. 

7. Mauer, E. F.: Am. Heart J. 34:852, 1947 
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r 


torily at the present time, this explanation must remain a postulate. Mendlowitz 
determined the blood flow and the pressure gradient in one patient with asymmetri- 
cal familiai clubbing. There was no essential difference in the functions measured 
between the clubbed and the nonclubbed digits 


SUM MARY 


A large family has been observed which comprises five generations. A majority 
of the members exhibit clubbing of the fingers, sometimes known as “Hippocratic 


, 


nails,” without evidence of systemic disease. The family pedigree suggests that the 
trait is hereditary and that it behaves in the manner of a simple Mendelian dominant 
without sex linkage or influence. The observations on the family accent the fact 
that clubbing need not necessarily be a diagnostic sign of systemic disease and 
that in this form it is associated with no threat to a long and comfortable life 


Tm 


8 Mendlowitz. M.: J. Clin. Invest. 20:113, 1941 
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AORTIC ARCH SYNDROMES 


Diminished or Absent Pulses in Arteries Arising from Arch of Aorto 


RICHARD S. ROSS, M.D. 
AND 


VICTOR A. McKUSICK, M.D 
BALTIMORE 


N THE case of absent or diminished pulses in the arms and neck the clinician 
is presented with a most dramatic physical finding. Although the observation 
itself is elemental, the interpretation may be difficult. 

Anisosphygmia, “pulsus incongruens,” and “‘pulsus differens” ? are terms which 
have been applied to pulse abnormalities of this general type. “Pulseless disease” 
is another name applied to some of these abnormalities.’ Fortunately no eponyms 
have come into particular usage in connection with these cases, although the type 
of disease due apparently to arteritis is called Takayasu’s disease in Japan.*” 

[t is our purpose to present cases in which the seat of the disorder is near the 
origin of the great vessels from the arch of the aorta. Included are various com 
binations of stenosis and obliteration of various branches of the aortic arch resulting 
trom various causes. This general clinical picture may be referred to, as first sug- 
gested by Frgvig,* as the aortic arch syndrome(s). Not included are instances in 
which the arterial disease responsible is located at a distance from the arch, although 
in the differential diagnosis of the arch syndromes many of these other vascular 
disorders must be considered. 

This review is based on an analysis of over 100 cases of this syndrome. of which 


35 have not been previously reported. 


CLINICAL PICTURE 


Characteristically in the aortic arch syndromes the pulses in the arm become 
impalpable before the blood pressure becomes completely unobtainable by the 
Korotkotf sounds. For instance, pulses may be impalpable, yet a few sounds may 
be heard at pressures between 80 and 75 mm. Hg when the blood pressure is deter 
mined in the usual way. If local blood pressure beyond an obstruction is measured 
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by intra-arterial techniques,‘ one finds greatly reduced pulse pressure but often 
only slight reduction of mean arterial pressure. The paucity of clinical evidences of 
ischemia of the arms may be a reflection of the distinction between absence of pulses 
and absence (or serious reduction) of blood flow. In obstruction at the aortic arch 
the normal pressure oscillations in the arteries of the arm are damped but a steady 
mean arterial pressure is maintained. The discrepancies between pulse and blood 
flow are well demonstrated by direct intra-arterial pressure recordings and plethys- 
mography in cases of left subclavian artery involvement and coarctation of the aorta.* 
After no Korotkoff sounds are audible systolic blood pressure in the arm can 
be approximated, as pointed out by Deneke ® and by others,’ by a modification of 
the Gaertner method.* The arm is raised above the head (i. e., above the level of 
the heart), and the cuff is inflated. The arm is lowered, and the pressure in the 
cuff slowly released. The pressure at the time that a flush first appears in the hand 
and forearm is taken as an approximation of mean arterial pressure in the arm. 


For the purposes of this symptom analysis we have used 40 of the best-docu 


mented cases in which there was involvement of at least two of the main branches 
of which at least one was a common carotid artery. In 29 of the 40 cases all four 
main arteries were involved (clinically it is easiest to think of four large branches 
of the aortic arch although, of course, there are usually only three and sometimes 
only two). 

The cerebral manifestations of the aortic arch syndrome differ in no respect 
from those of internal carotid thrombosis, which has been reviewed thoroughly 
elsewhere.’ Vertigo, particularly on rising from the horizontal position, was the 
most frequent cerebral manifestation, occurring in at least 25 of the 40 cases. Loss 
of consciousness occurred in at least 15 cases. Hemiparesis or hemiplegia occurred 
in 13, convulsions in 8. In some instances headache was an exceedingly distressing 
symptom, as in Gull’s patient,’® whose headache “she said was such as almost to 
drive her mad.” In those cases in which the aortic arch syndrome is part of a 
generalized arteritis, cephalic arteritis may be the cause of the headache. Patient 
a 

4. Edholm, O. G., Howarth, S., and Sharpey-Schafer, E. P.: Resting Blood Flow and 
Blood Pressure in Limbs with Arterial Obstruction, Clin. Sc. 10:361, 1951. 

5. Burchell, H. B.; Taylor, B. E.; Knutson, J. R. B., and Wakim, K. G.: Coarctation of the 
Aorta with Hypotension in the Left Arm: Physiologic Observations on Direct Intra-Arterial 
Pressures and Flow of Blood, M. Clin. North America 34:1177, 1950. 

6. Deneke, T.: Regarding Syphilitic Aortitis, Deutsche med. Wehnschr. 39:441, 1913 

7. Lewis, T., and Stokes, J.: A Curious Syndrome with Signs Suggesting Cervical 
Arterio-Venous Fistula: With Pulses of Neck and Arm Lost, Brit. Heart J. 4:57, 1942 
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med. Wehnschr. 49:1412, 1899 

9. (a) Amali, N. O., and Ashby, D. W.: Non-Traumatic Thrombosis of the Carotid 
Artery, Lancet 2:1079, 1949. (b) Beck, W.: Thrombosis of the Carotid Artery, Thesis 
University of Amsterdam, 1950. (c) Galdston, M.; Govons, S.; Wortis, S. B.; Steele, J. M., 
and Taylor, H. K.: Thrombosis of the Common, Internal and External Carotid Arteries: A 
Report of 2 Cases with a Review of the Literature, Arch. Int. Med. 67:1162, 1941. (d) Hunt, 
R. J.: The Role of the Carotid Arteries in the Causation of Vascular Lesions of the Brain: 
With Remarks on Certain Special Features of the Symptomatology, Am. J. M. Sc. 147:704, 
1914. (¢) Johnson, H. C., and Walker, A. E.: The Angiographic Diagnosis of Spontaneous 
Thrombosis of the Internal and Common Carotid Arteries, J. Neurosurg. 8:631, 1951. 
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E. F. (p. 730) had pain first in one side of the neck, then the other, with occipital 
headache due probably to the arteritis itself. In the sitting position the patient 
sometimes ** finds it most comfortable to hang the head forward, which gives an 
impression of shyness. Impairment of memory was specifically commented on in 
four cases. Paresthesias of parts of the body were prominent in only four cases. 
The changes in the eye are striking, probably because of the well-known senst- 
tivity of the ocular structures to ischemia. Transient visual disturbances (amaurosis 
fugax) were reported by 17 patients. Some complained of dimness of vision when 
arising rapidly from a sitting position. Others noted “black spots” or “blinding 
light” before the eyes at times when the carotid blood flow was presumably reduced. 


Many complained of transient periods of complete blindness, often only on the side 
of the occluded carotid artery, with subsequent spread to the opposite eye. Three 
patients complained of dimness of vision associated with exercise. Visual acuity 


would be markedly reduced by walking or other exertion and would return with 
rest. Frgvig* referred to this symptom as “visual claudication.” In 12 patients 
cataracts developed rapidly, often at an early age. Shimizu and Sano ** reported 
cataracts in 18 of 29 cases. Retinal atrophy and pigmentation were observed in 
six cases. Atrophy of the iris and leucomata or some corneal change were reported 
in seven cases. In their two cases Skipper and Flint describe the appearance of a 
new-formed circular vessel at the base of each iris."’ Sluggish blood flow in the 
retinal vessels was demonstrated in seven patients, with easy obliteration of blood 
flow by light pressure on the eye-ball (a test for retinal arterial pressure). Aneurys- 
mal nodulations were seen on the arterioles in three instances, and the progressive 
development of peripapillary arteriovenous anastomoses was frequently noted.” 
One pair of authors, who published a beautiful color illustration of “wreath-like 
stated that these were observed in 24 


” 


arterial anastomoses around the papillae, 
of 29 cases.** Two patients complained of photophobia, and optic atrophy was 
noted in several. 

Changes in the auditory mechanism occurred but were not prominent manifesta- 
tions. Deafness was described in three patients,'* and tinnitus in at least one.’ 
Numbness or pain in the scalp, presumably due to vascular insufficiency, was noted 
by three patients. Claudication in the jaw muscles was noted by one patient and 
continuous pain in the teeth by another. The trophic or nutritional changes seem to 
occur only in the head and neck. As a rule no changes in the hands or fingers of 
the type seen in thoracic outlet disease have been recorded. The trophic changes 
in the eye have already been discussed. Similar lesions develop elsewhere in the 
head and neck. Perforation of the nasal septum was seen at least three times,'* 
while collapse of the bridge of the nose with saddle nose deformity was seen in at 


11. Skipper, E., and Flint, F. J.: Symmetrical Arterial Occlusion of Upper Extremities, 
Head, and Neck: A Rare Syndrome, Brit. M. J. 2:9, 1952. 
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Epileptic Fits: Consideration of the Role of the Carotid Sinus in the Pathogenesis of Epileptic 
Fits, Presse méd. 44:833, 1936. 
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least one case.'® ‘The nasal perforation probably represents infarction of the car 
tilaginous septum. Trophic ulcer of the tip of the nose occurred once.*” Atrophy 
of one side of the face was seen in three cases. One writer '® describes atrophy of 
the face muscles, with loss of wrinkling and facial expression and an appearance 
as though the skin rested directly on the craniofacial bones. Infections about the 
face healed poorly. Abnormal pigmentation of the face was observed in two cases 
and ulcer of the scalp in one. The hair may lose its luster and begin to fall out.** 
The occurrence of these trophic changes in the distribution of the carotid arteries 
in the absence of similar changes in the arms suggests either greater susceptibility 
of the head structures or poorer collateral circulation, Both factors may play a role 

The cardiovascular manifestations are more difficult to evaluate, as many con- 
sidered here are undoubtedly due to associated cardiovascular disease. Dyspnea 
was recorded in 11 cases. Angina pectoris occurred in four cases. Evidence of 


peripheral vascular insufficiency, as manifested by color, temperature, or skin 


changes in the arms, was seen in six cases. In most of the cases in which the arms 
were pulseless the circulation appeared to be perfectly adequate. Only two patients 
complained of claudication in the arms. A _ satisfactory collateral circulation 
undoubtedly developed concomitantly with the gradual occlusion of the larger 
arteries. This collateral circulation has been demonstrated after death in several 
of the patients '? and clinically as dilated vessels over the back of the chest in four 
patients.’* In some of these cases direction of flow was shown to be from below 
upward. Clubbing of the fingers, an occasional unilateral phenomenon in aneurysm. 
occurred bilaterally in a patient with aortic aneurysm and occlusion of all four 
branches.’ 

A sensitive carotid sinus was demonstrated in seven of these cases.’ Stimula- 
tion of the sinus precipitated syncopal attacks. This phenomenon was also recorded 
in the cases of Galdston “ and Smith.*° In this connection, the case reported by 
Roseman and his associates *! may be pertinent. In this patient a sensitive carotid 
sinus developed after ligation of the ipsilateral common and internal carotid arteries 
in treatment of intracranial arteriovenous aneurysm. The patient was relieved of 
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the carotid sinus symptoms by a second operation, in which the carotid bifurcation 


was completely removed. It is said“ that hyperpnea is a conspicuous feature of 


the response to carotid sinus pressure and mzy be the only type of response. 

The blood pressure was recorded in the legs in 24 patients. In 15 of these the 
systolic pressure was greater than 160 mm. Hg. Authors writing before the intro 
duction of clinical sphygmomanometry occasionally noted that the pulses in the 
legs were stronger than usual.*’ Frévig * observed hypertension in the lower 
extremities and mentions it as one of the cardinal features of the “young female”’ 
arteritis variety (cf. p. 729) of the aortic arch syndrome (the term “reversed 
coarctation” applied to this set-up by others °* serves no useful purpose, however ) 
Central ischemia has been suspected as an etiological factor in hypertension since 
the early experiments in dogs by Starling.“ The clinicopathologic studies of Bordley 
and Baker *° were inconclusive. However, Fishback and co-workers ** and Williams 
and Schroeder ** have produced chronic hypertension in the dog by progressive 
ligation of the arteries supplying the head. 

Systolic bruits over partially occluded branches of the aortic arch have been 
frequently encountered. In at least five patients continuous murmurs resembling 
that of arteriovenous fistula were present. All five were young white women with 
no evidence of syphilis or other definite cause of the disorder. In two patients ** 
the continuous murmur was at the base of the neck on the right just above the 
sternoclavicular joint; in three others it was located in a comparable position on 
the left ** and was at times thought to indicate a patent ductus arteriosus. Against 
this interpretation was the atypically high location of the murmur under discussion 
Sato *° and Oota *' refer to cases of the aortic arch syndrome in which the diagnosis 
of patent ductus arteriosus (botalli) was made, presumably on the basis of a con- 
tinuous murmur. In the light of these other cases an obvious alternative possibility 
exists. The only plausible explanation for the machinery murmur in these cases 
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would appear to be that it is produced by the flow of blood through dilated and 
tortuous arterial collaterals. A bruit which was heard over the dilated arterial 
collaterals over the back of the thorax has also been described.* 

In the sections that follow it is proposed to discuss some of the etiologic types 
of the aortic arch syndrome. The cases reported in abstract form in these discus 
sions will serve to illustrate the several features that constitute this syndrome 


ETIOLOGIC TYPES OF THE AORTIC ARCH SYNDROME 


Cases of Obscure Nature.—Our attention was attracted to the aortic arch syn 


dromes by the following case of obliterated pulses of obscure origin. 


W. W. (J. H. H. 587768), a 45-year-old white man, was admitted on Oct. 16, 1951, because 
of visual, cerebral, and arm symptoms 

There was no history of syphilis, and serological tests had always been negative. In 1937, 
fourteen years before the first admission to this hospital, the patient was involved in an automobile 
accident. He was thrown against the steering wheel, fracturing several ribs and depressing the 
upper sternum. Recovery was satisfactory without restorative surgery, and there were no chest 
symptoms after initial recovery. 

In May 1950, eighteen months before this admission, the patient was seen by his local physician 
because of irregular heart action and was found to have ventricular premature contractions and 
a blood pressure of 122/80 mm. Hg 

During September 1950, thirteen months before admission, the patient first complained of 
black spots before his right eye for brief periods, occasional episodes of diplopia, and transitory 
feelings of dizziness relieved by lowering the head. In November 1950 the first attack of transient 
complete blindness in the right eye occurred. Physical examination during this period showed 
spasm of the retinal arterioles and blood pressure of 140/80 mm. Hg in the left arm and 130/80 
mm. Hg in the right. During January 1951 the patient noted aching in the right arm when 
shaving, combing his hair, or polishing the root of his car. Examination at this time showed a 
blood pressure of 130/80 mm. Hg on the left as opposed to 90/70 mm. Hg on the right. The 
right radial and right carotid pulses were absent at this time. X-ray and fluoroscopic examina- 
tion at another hospital revealed no abnormality of the heart, mediastinum, or great vessels 
The proximal portions of the right subclavian and right carotid arteries were visualized by 
angiocardiography and were believed to be normal. In July 1951 the patient first experienced 
aching in the left arm similar to that observed in the right seven months previously. The left 
radial pulse was absent, and no blood pressure reading was obtained in either arm. There was no 
history of unconsciousness or convulsions, but the patient recalled several brief periods of 
spatial disorientation in familiar surroundings. He did not complain of dyspnea, chest pain, or 
ankle edema, and there were no symptoms of acute arterial occlusion. 

Positive physical findings (in October 1951) were limited to the cardiovascular system. The 
blood pressure was 195/100 mm. Hg in the legs and was unobtainable in the arms. Oscillations 
of the manometer were seen as the pressure in the cuff was reduced between 100 and 60 mm. Hg 
A short faint bruit was heard in the antecubital fossae with tensions of 60 to 80 mm. Hg. The 
right radial, brachial, carotid, temporal, and external maxillary pulsations were absent. The left 
brachial and radial pulsations were likwise absent. (sood pulsation was noted in the left carotid 
and its branches as well as in the vessels in the lower extremities. The arms were normal and 
equal with regard to temperature, color, and skin texture. The heart was not enlarged, 
the rhythm was regular, and the sounds were of normal quality. A Grade I systolic murmur 
was heard in the third and fourth left interspaces at the sternal border. The lungs were normal. 
There was a slight depression of the sternum below the angle of Louis, but no marked angulation 
or excavation. Small subcutaneous lipomata were noted on the arms. The remainder of the 
physical examination was not remarkable. The patient was in exceilent general health. 
cnisinliliiiniiaetns 

32. Skipper and Flint.1!. Gadrat and Moreau.'® 
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Laboratory examinations revealed a negative serological test for syphilis; a negative trepone 
mal immobilization test (Nelson #*) ; hemoglobin 16.0 gm. per 100 cc.; hematocrit level 47% ; 
sedimentation rate 8 mm. per hour; white cell count 9,000 per cubic millimeter. with polymor 
phonuclear cells 57%, eosinophiles 11%, lyinphocytes 29%, and monocytes 3% ; platelets 234,000 
per cubic millimeter ; serum cholesterol 355 mg. per 100 cc. Stool was negative for occult blood 
but contained cysts of Endamoeba histolytica. The urine was normal in all respects 

Fluoroscopy failed to demonstrate any abnormality in the chest. There was no cervical rib 
The angiocardiograms taken in February 1951 were reviewed, and no further interpretation 
could be made. Venous pressure, phenolsulfonphthalein-excretion test, and circulation time with 
dehydrocholic acid, N. F. (Decholin) were normal. Electrocardiogram showed a PR interval of 
0.20 seconds and a QT interval at the upper limits of normal. Electroencephalogram was within 
the normal limits. A subcutaneous nodule was excised from the arm along with underlying 
muscle. The nodule was a lipoma, and the muscle was normal. The ophthalmological consultant 
noted minimal retinal arteriosclerosis and corneal changes consistent with the history of a 
gunpowder burn in childhood. 


In this case of obstruction of great vessels developing over the course of one 
year no definite etiology could be established. It was suggested that the chest 
trauma might have predisposed to premature degenerative changes in the aortic 
wall, possibly atheromatosis, with subsequent thrombosis. There is pathological 
evidence that damage to the intima of the great vessels may occur with injuries of 


the type this man sustained (see below, Traumatism). [¢xperimental damage to 
the elastica of arteries, as by mechanical rupture from stretching, results in a pro- 


clivity to the development of intimal atheromatosis in cholesterol-fed rabbits." 
That premature atheromatosis might have occurred at the sites of damage in the 
above patient is conceivable. Localization of changes to the ostia of the great vessels 
may be a function of the shearing injury from depression of the sternum. The 
13-year interval between the traumatic episode and the first symptom makes an 
association problematical yet conceivable. 

A second case of aortic arch syndrome of obscure origin has come to our 
attention. 


E. L. (J. H. H. 505915), a 33-year-old Indian woman from Trinidad, entered the service 
of Dr. Warde Allan, complaining of severe substernal pressure and pain radiating to the left 
side of her neck and into her left arm during the five years prior to admission. The patient noted 
that this pain was definitely related to exertion and was relieved by rest. There were no other 
cardiovascular symptoms. Physical examination was not remarkable except as it concerned the 
cardiovascular system. The biood pressure in the left arm was 65/45, in the right arm 60/40, 
and in the right leg 100/75 mm. Hg. The left carotid artery was palpable, strongly pulsating 
with systolic thrill and murmur. The right carotid pulse was normal. The heart was enlarged 
to the anterior axillary line in the fifth interspace. There were systolic and diastolic murmurs 
heard in the second right interspace and transmitted along the right sternal margin. Results of 
routine blood, urine, and chemical examinations were normal. Serological tests for syphilis and 
spinal fluid Wassermann reaction were negative. Electrocardiogram showed only left ventricular 
strain. Fluoroscopy of the chest showed an enlarged left ventricle, with extensive calcification 
of the aorta extending from the arch to a point well below the diaphragm. 

The patient was explored by Dr. Alfred Blalock, on July 11, 1949, who found the aorta to 
be a “rigid calcified tube” from the midportion of the arch to the diaphragm. There was abso- 
lutely no expansile pulsation in this part of the aorta. The first part of the left subclavian artery 
for a distance of 3 or 4 cm. was a calcified tube. No calcified coronary vessels were palpated 


33. Nelson, R. A., and Mayer, M. M.: Immobilization of Treponema Pallidum in Vitro by 
Antibody Produced in Syphilitic Infection, J. Exper. Med. 89:369, 1949. 

34. Ssolowjew, A.: Experimentally Produced Tearing of the Elastica of Arteries and Its 
Significance in Lipoid Deposition, Arch. path. Anat. 283:213, 1932. 
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through the pericardium. Samples of skeletal muscle and the internal mammary artery were 


taken and found to be normal histologically. A left dorsal sympathectomy was performed. The 


patient was discharged with the diagnosis of idiopathic calcification of the aorta. 
The patient died a few months after returning to Trinidad. Unfortunately ne postmortem 


examination was performed 

The etiology in this case is obscure. It may represent calcification of cystic 
medial necrosis or some other type of medial degeneration. Obviously syphilis is 
not excluded, nor is well-healed dissecting aneurysm. 

In the literature there are, as might be expected, several reports of cases in 


which the etiology is obscure. Such a case is that reported by Savory * in 1856 
The patient was a 22-year-old woman who was admitted to St. Bartholomew’s in 
1854 with severe pain of the left side of the head, giddiness, disturbances of vision, 
dyspnea, and “a sense of constriction and uneasiness in the left region of the chest. 


with occasional palpitation.”” No pulses had been palpable in the arms for at least 
five years; the absence of pulses had been observed on admission to Guy’s Hospital 
in 1853. She suffered about that time with localized fits of the right arm and leg 
These extremities became progressively weaker. The examination revealed com- 
plete absence of pulses in both arms and in the left carotid artery, feeble pulsation 
in the right carotid artery, a loud harsh systolic bruit over the manubrium sterni, 
and a soft bruit in the course of the right common carotid. Vision was impaired 
in both eyes but was better when the patient was lying down. Later she complained 
of complete loss of vision on standing. The patient was in the hospital 13 months 
before she died. There was progressive debilitation. A large gangrenous slough 
occurred in the left parietal region, with exposure of the left cerebral hemisphere 
The right-sided fits continued ; complete loss of vision in the left eye occurred. At 
autopsy the heart, its muscular tissue, its investing and lining membranes, and the 
cardiac and arterial valves, were found to be healthy. The aorta at its commence- 
ment presented no appearance of disease. However, beginning at the proximal end 
of the aortic arch and extending throughout the descending thoracic aorta ‘the 
lining membrane was uniformly dull and opaque. The coat itself separated from 
the middle tunic with morbid facility.” In all branches of the aortic arch the 
“internal coat separated with the slightest force from the middle” and “irregular 
patches of an opaque yellowish deposit, in considerable quantity, were found between 
the two.” The vessels became fibrous a few inches beyond their origin from the 
aorta. The pathological description suggests healed dissecting aneurysm of the aorta 

There are several other cases in the literature ** which were too inadequately 
described or from which insufficient data were obtainable to permit an etiologic 
diagnosis. Brown’s case **” is interesting in that it was possible to date the onset 
of the pulse abnormality quite exactly, as a result of observations by native Chinese 
physicians. The long-standing Oriental interest in the pulse is reflected by the rela- 
ee 

35. Savory, W. S.: Case of a Young Woman in Whom the Main Arteries of Both Upper 
Extremities, and of the Left Side of the Neck Were Throughout Completely Obliterated, Med.- 
Chir. Tr. 39:205, 1856. 

36. (a) Baumler: Miinchen. med. Wehnscher. 54:2500, 1907. (>) Brown, C. F.: Absence 
of Pulse: A Case of Absence of Pulse in Both Axillary, Radial, and Carotid Arteries, While 
Normal in the Femorals and Dorsalis Pedis Arteries, Chinese M. J. 48:269, 1929. (c) 
DeMeyer, J.: Cerebral Anemia from Carotid Maldevelopment, Arch. mal. coeur 14:11, 1921 
(d) Smith and Hinshaw. 2° 
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tively large number of Chinese and Japanese publications on the subject under 
discussion here.** Caccamise and Whitman *® found 58 cases of this syndrome 
reported from Japan. This may indicate a higher incidence of one of the etiologic 
varieties of this syndrome, probably idiopathic arteritis. 

Syphilitic Aortitis with Aneurysm.—Generally the presence of inequality of 
radial pulses first suggests to the clinician the presence of aortic aneurysm. In 1628 
in De Motu Cordts,** Harvey described a case in which “the pulse in the corre 
sponding arm was small in consequence of the greater portion of the blood being 
diverted into the tumor and so intercepted.” William Hunter “* described in 1757 
a case in which the pulse was absent in the left arm and temple following the devel- 


opment of an aortic aneurysm. I. Marey *® in 1881 for the first time recorded 


pulsus differens in a case of aortic aneurysm by means of his sphygmograph 
Actually pulse abnormalities due to aortic aneurysm are much less frequent than 
is commonly thought. An analysis by Hare and Holder *' in 1899 revealed that 
in only 32 cases out of 953 were pulse abnormalities noted. Of the 272 cases in 
which specific description of the pulses was made, 32, or 12.2%, were abnormal, 
while in only 5, or 1.9%, was total absence of pulsation noted. If it is assumed that 
the pulses were normal when not described, the percentages, of course, become 
much smaller. 

Boyd,* in reviewing 4,000 cases of aneurysm of the thoracic aorta, in 1924, 
describes inequality of the two pulses and delay of one pulse but makes no mention 
of complete obliteration. In a group of 100 recent cases of thoracic aneurysm at 
the Johns Hopkins Hospital in only 1 case was pulse abnormality described. How- 
ever, at least four other patients with aortic arch syndrome due to syphilitic aortic 
aneurysm are known to the authors. 

Complete obliteration of pulses in both upper extremities and in the neck has 
been reported in aortic aneurysm in a total of at least seven cases. The first such 
case was apparently one of John Davy’s,** reported in 1839. The patient was 
an officer of rank, aged about 55, distinguished for his services in the field during the Peninsular 


War, and who had been severely wounded in the chest at Waterloo. During the winter of 1834-5 
he was in a valetudinary state. In August of 1835 he was seen by Dr. Chambers who mentioned 


37. (a) Oda, M.: Studies of Pulsus Differens in the Upper Extremity, Acta scholae med 
univ. Kioto 12:469, 1930. (b) Takahasi, K.: Percutaneous Arteriography of the Vertebral 
Arteries and Their Branches, Arch. Psychiat. 111:373, 1940. (c) Yoshino, G.: Pulsus Differens 
and the Maximum Blood Pressure Difference in Both Arms, Acta scholae med. univ. Kioto 
16:317, 1933-1944. (d) Shimizu and Sano.*4 (e¢) Black.124 (f) Sato.2% (g) Oota3! (h) 
Brown.°6 

38. Harvey, W.: Anatomical Studies on the Motion of the Heart and Blood, Leake Transla- 
tion, Springfield, ill., Charles C Thomas, Publisher, 1931 

39. Hunter, W.: The History of an Aneurism of the Aorta with Some Remarks on 
Aneurisms in General, in Medical Observations and Inquiries, London, 1757, Vol. 1, pp. 323-357 

40. Marey, E.: The Circulation of the Blood, Paris, Masson & Cie., 1881 

41. Hare, H. A., and Holder, C. H.: Some Facts in Regard to Aneurysm of the Aorta 
Am. J. M. Sc. 118:399, 1899. 

42. Boyd, L. J.: A Study of 4,000 Reported Cases of Aneurysm of the Thoracic Aorta, Am 
J. M. Sc. 168:654, 1924. 

43. Davy, J.: Notice of a Case in Which the Arteria Innominata and the Left Subclavian 
and Carotid Arteries Were Closed Without Loss of Life, in Researches, Physiological and 
Anatomical, London, Smith, Elder & Co., 1839, Vol. 1, p. 426. 
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that he ‘never could perceive any pulse from the time he first saw him.’ In September he was 
taken suddenly and seriously ill with tendency to syncope and vertigo frequently recurring, then 
it was certain that no pulse could be perceived at either wrist. His disease now was clearly 
aneurism of the arch of the aopta, with an obstructed state (it might be inferred) of the great 
vessels arising from it; for no pulse could be felt anywhere in*the course of these vessels, neither 
the neck, temples, axilla, or wrists, and there was a throbbing pulse at the upper part of the 
sternum, and a slight prominence of the bone there to some little extent. On the 11th of January, 
1837, that is, nearly a year and a half from the cessation of the pulse at the wrist, he expired 
suddenly. A post mortem examination was made by a very competent surgeon. The pericardium 
was found distended with coagulated blood, and a small fissure was detected in the aorta near its 
base, through which the blood had penetrated. The heart was rather large, and its cavities large, 
but without distinct hypertrophy; its valves natural. The arch of the aorta was, as had been 
inferred, the seat of a large aneurism, about six inches high, and about four inches wide, nearly 
filled with coagulum, dense, fibrous, and nearly white, occupying all but the inferior space, where 
there was a channel open by which the blood passed from the heart into the descending portion 
of the vessel. Where the vessel commenced its descent, there were some atheromatous deposits 
on it, and a few bony scales. All the great vessels rising from the arch were completely closed, 
as far as they were examined, namely to the extent of about two inches, were impervious, plugged 
up with lymph 

In this case it appears quite certain that the aneurysm was syphilitic. A role of 
the severe chest wounds sustained at Waterloo is doubtful. 

A well studied and colorfully described early case is that of Parsons.** The 
patient, an American Civil War Veteran, aged 39, had obliteration of all four main 
branches of the aortic arch due to aneurysm. He was seen by Dr. Austin Flint 
Necropsy revealed that both thrombus plugs and cicatricial stenosis were operative 
in the occlusive disease. This patient had sustained a severe chest wound during 
the war, four years before the onset of symptoms. 

Without specific details, Osler ** wrote in 1908 that “there are cases in which 


no pulsation is felt in any of the arteries of the head or of the upper extremities, 


generally instances of large aneurism of the transverse arch.” 

Shikhare * in 1921 reported the following case: A middle aged carpenter was 
examined because of frequent attacks of giddiness, and absence of pulsation was 
noted over all the arteries of the upper half of the body: the temporals, the carotids, 
the brachials, and the radials. The pulsations of the abdominal aorta and arteries 
of the lower extremities were normal. At postmortem examination 
the ascending aorta and the arch showed a fusiform aneurysmal dilatation, which was occupied 
by a large ante-mortem clot obliterating almost the whole of its lumen. This large central clot 
sent diverticula extending into and almost obliterating the lumen of the innominate artery with 
its branches, the right common carotid and the right subclavian and also into the corresponding 
arteries of the left side to a variable extent. These diverticula acted as loosely fitting plugs for 
the different arteries mentioned, thus allowing a certain amount of blood to pass beyond but 


cutting off a greater part of the current. 


Other cases of bilateral absence of pulses in the head and arms with syphilitic 
aortic aneurysms were reported by Crawford,'*® Kampmeier, and Neumann,** Cohen 

44. Osler, W.: Modern Medicine, Philadelphia, Lea & Febiger, 1908, Vol. 4, p. 476. 

45. Shikhare, P. V.: Notes on a Remarkable Case of Absence of Pulsation in the Arteries 
of the Upper Parts of the Body, Indian J. Med. 2:326, 1921. 

46. Kampmeier, R. H., and Neumann, V. F.: Bilateral Absence of Pulse in the Arms and 
Neck in Aortic Aneurysm, Arch. Int. Med. 45:513, 1930. 
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and Davie,*? and Maurer (second case).**® Postmortem confirmation was not avail- 
able in the cases of Crawford and Kampmeir and Neumann, but the clinical diagnosis 
of aneurysm was well established. Darling *® (Case IV) describes a case of aortic 
aneurysm in which “ the orifices of the branches were all partly occlfided by pro 
liferated intima, but that of the leit subclavian was completely obliterated.” The 
pulses during life were not described. 

With regard to occlusion of the vessels coming from the arch, Cohen and Davie *’ 
point out that the pathological findings are of two types. In some instances pro 
jecting fingers of antemortem thrombus were described as occluding various 
branches of the arch. Davy’s case ** and Shikhare’s case,**® cited above in detail, 
are examples. In Maurer’s second case,** “glove-finger projections of the ante- 
mortem thrombus situated in the aneurysm extended into and completely occluded 
the innominate, left common carotid, and left subclavian arteries.” In other cases 
it is clear that the obliteration is cicatricial in mechanism. In these cases it is usually 
stated that the ostia are indicated only by dimples in the wall of the aneurysm— 
“indented cicatrices” (Gull,’® see illustration). Sometimes no indication of the 
location of the ostia can be found on the intimal surface. This is the same mecha- 
nism as that operative in cases of obliteration due to syphilitic aortitis without 
aneurysm. A typical case illustrating this mechanism is that of Cohen and Davie.“ 
The patient had syncope, headaches, and blindness in the left eye; both radial and 
both carotid pulses were absent; the serological test for syphilis was positive, and 
the diagnosis of aneurysm was established by fluoroscopy. At necropsy 
the orifices of the three large vessels arising from the aortic arch were completely obliterated 
their sites being represented merely by two shallow depressions. The depression marking the 
orifice of the innominate artery was somewhat deeper than that over the combined orifices of the 
left common carotid and left subclavian arteries. In each case, within the depression was a small 
irregular pit, which admitted a stout bristle for 1 to 2 mm. These pits seemed to be the last 
remnants of the arterial orifices. 


[In some cases both mechanisms are involved. Another example is Maurer’s first 
case.” 

Two other explanations for pulse differences in aneurysm are as follows: One, 
that advanced by Harvey,** is that the large saccular aneurysm distends with 


systolic ejection, absorbing the pulse wave and producing a more nearly continuous 
flow. The significance of this factor has been evaluated experimentally by Marey * 
and more recently by Whittlesey.°° This is probably a contributing factor in some 
cases. The second possibility is that the vessels are obliterated by external pressure 


from the large aneurysmal sacs. This mechanism is well described in Suckling’s 
case."! Certainly these mechanisms, while they could undoubtedly account for pulse 
differences, would not usually produce complete obliteration of the pulse. 


47. Cohen, H., and Davie, T. B.: Bilateral Obliteration of Carotid and Radial Pulses by 
Aortic Aneurysm, Lancet 1:852, 1933. 

48. Maurer, E.: Absence of Pulse in the Vessels of the Upper Extremities and Neck in 
Aneurysm of the Aortic Arch. Am. Heart J. 17:716, 1939. 

49. Darling, S. T., and Clark, H. C.: Arteritis Syphilitica Obliterans: A Pathological 
Report of Several Cases of Complete Occlusion of Large Arteries, Aorta, Carotid, and Sub 
clavian, in Which Syphilis Was the Causative Factor, J. M. Research 32:1, 1915 

50. Whittlesey, R. H.: Dynamic Changes in Arterial Pressure Pulses Produced by a 
Simulated Saccular Aneurysm, Am. J. Physiol. 168:192, 1952. 

51. Suckling, R.: A Case of Innominate Aneurysm: Death After Inhalation of Chloroform 
Lancet 2:245, 1885. 
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Kampmeier and Neumann * point out that congenital malformations of the 
aortic arch increase the chance of bilateral pulselessness occurring as a result of 


aneurysm. This is especially true if, as in the case of Cohen and Davie,*? the mal- 


formation is such that the great vessels arise from two rather than three ostia. 

Occlusion of one or more but not all vessels from the aortic arch by syphilitic 
aortitis with aneurysm has been reported by Gull,’® Toppich,®? Turk,’*® Fraenkel,” 
Blakiston,”* Pilz,°° Erb,°* Cooley,®’ Blake,®* Suckling,®' and Preisendorfer.°? 

Syphilitic Aortitis Without Aneurysm.—lIn this category we have considered 
cases in which the obliteration of pulses occurred with syphilitic aortitis without 
clinical and/or pathological evidence of saccular aneurysm. It is noted that com- 
plete obliteration of all four pulses in the upper part of the body occurs in this 
condition perhaps more frequently than in the group of patients with aneurysm. 
In several of the cases, however, there was diffuse dilatation of the aorta. The 
occlusions appear to be of the cicatricial type referred to above. Deneke * was one 
of the first to point out that aneurysm is not a sine qua non for the development 
of pulse abnormalities in syphilitic aortitis. He referred to 36 cases of pulse differ- 
ence, in 7 of which no aneurysm was present. Aubertin °° again emphasized pulsus 
differens as a sign of simple syphilitic aortitis. 

The following seven cases from our own series are considered representative 
and most instructive. Postmortem examination was performed in the three which 
will be described first. 

Case 1.—J. F. (J. H. H. 167130), a 45-year-old Negro, had a history of syphilitic infection. 
with late antisyphilitic therapy. He died during appendectomy, presumably as a result of deep 
nitrous oxide anesthesia. At autopsy the aorta revealed typical intimal changes of syphilis, with 
moderate dilatation. The orifice of the left subclavian artery was “practically completely 
occluded.” The right coronary ostium was also markedly narrowed by the syphilitic process 

Case 2.—S. P. (J. H. H. 35082), a 41-year-old Negro, had a history of untreated syphilis 
When first seen, in 1931, the blood pressure was 124/85 mm. Hg in the right arm and 145/85 
mm. Hg in the legs. Blood pressure was unobtainable in the left arm, and pulsations in the left 
carotid were variously described as faint or absent. A year later the blood pressure was recorded 
at 114/85 in the right arm and 85/75 in the left. The left carotid pulse was absent. The patient 


52. Toppich, G.: Non-Thrombotic Occlusion of the Great Vessel Ostia at the Aortic Arch 
Especially the Ostium of the Left Common Carotid, Frankfurt. Ztschr. Path. 25:236, 1921. 

53. Fraenkel, E.: Two Cases of Aneurysm of the Aortic Arch Complicated by Total Occlu- 
sion of the Left Carotid, Virchows Arch. path. Anat. 79:509, 1880. 

54. Blakiston, P.: Clinical Observations on Diseases of the Heart and Thoracic Aorta 
London, Longmans, Green & Co., Ltd., 1865, p. 169. 

55. Pilz, C.: Regarding Ligation of the Common Carotid Artery, Arch. klin. Chir. 9:259 
1868. 

56. Erb, W., Jr.: A Case of Extensive Cerebral Softening Due to Total Obliteration of 
the Left Common Carotid, Miinchen. med. Wchnschr. 51:946, 1904. 

57. Cooley, L. E., and McNamara, F. P.: Syphilitic Aortitis with Aneurysm of the Innom 
nate Artery and Occlusion of the Left Common Carotid Artery, Am. Heart J. 9:686, 1934. 

58. Blake, J. C.: Aneurism of the Innominate, Boston M. & Surg. J. 106:418, 1882. 

59. Preisendérfer, P.: A Case of Complete Obliteration of the Arteria Anomyna, Almost 
Complete of the Carotid and Left Subclavian, Complicated by Aneurysm of the Aorta and 
Carcinoma of the Esophagus, Arch. path. anat. 73:594, 1878. 

60. Aubertin, C.: The Diseases of the Aorta, Paris, A. Chahine, 1928, p. 38 
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died suddenly soon after these observations. At autopsy the orifice of the left subclavian artery 
was completely occluded by gray fibrous tissue. The opening of the left carotid artery would 
‘just admit a probe.” The aorta was somewhat dilated, with syphilitic changes 

Case 3.—S. W. (J. H. H. 466462), a 63-year-old Negro woman, was admitted to the hospital 
because of angina and heart failure. There was serologic evidence of syphilis, for which no treat- 
ment had been given. Blood pressure and pulse were unobtainable in the left arm. The patient 
died following acute posterior myocardial infarction. At autopsy the aorta was somewhat dilated. 
with “tree bark” wrinkling of the intima. The left subclavian artery was completely filled at its 
ostium by recanalizing thrombus. Openings of intercostal arteries were for the most part 


occluded, as was the ostium of the right coronary artery 


Fig. 1.—Retrograde aortogram of Patient A. L. The radio-opaque material was injected 
through a polyethylene catheter which was introduced percutaneously into the femoral artery and 
thence into the aortic arch. There was good evidence that syphilitic aortitis was the cause of the 
aortic arch syndrome in this patient. 


Case 4.—H. McG. (J. H. H. 152817), a Negro woman born in 1911, gave a history of 
mmadequate antisyphilitic therapy. When she was first seen, in 1938, no pulses were palpable in 
either arm or in the neck. There was a localized systolic blow over the lower part of the right 
carotid artery. X-ray of the chest revealed slight to moderate dilatation and tortuosity of the 


aorta, with no evidence of saccular aneurysm. The pulse abnormality remained unchanged up to 


the time the patient was last seen, in 1942. 

Case 5.—E. M. (J. H. H. 585107), a white housewife born in 1893, was first admitted in 
1932 because of angina. She was found to have serological evidence of syphilis. Examination 
revealed no pulses in either arm; a loud rough systolic murmer and thrill over the carotid 
arteries, which showed reduced pulsations, and a rather ringing second aortic sound. Blood pres- 
sure of about 80/76 mm. Hg was recorded from the left arm. X-ray showed moderate diffuse 
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dilatation of the aorta. The patient was first given potassium iodide by mouth, then bismuth 
subsalicylate intramuscularly, and finally neoarsphenamine intravenously. After therapy a remark 
able clearing of angina occurred. The patient was not seen again until September 1951. Prog- 
nostic prediction had been entirely incorrect. She had done most of her housework herself and 
often went a month between attacks of angina, which were now mild. The radial pulses were now 
palpable and equal. The blood pressure was 140/92 mm. Hg in the right arm, 130/88 in the left 
There appeared to be localized aneurysms in the upper right and lower left common carotid 
arteries, with overlying systolic thrills and bruits. X-ray of the chest showed slight diffuse 


dilatation of the aorta, with heavy calcification of the ascending portion. 


Fig. 2—Retrograde aortogram of Patient A. L. Although not definitely identifiable in the 
anteroposterior projection (lig. 1), a small saccular aneurysm at the arch is visible in the 


lateral view 


Case 6.—A. L. (J. H. H. 492165, Sinai 61685), a white man born in 1896, was admitted in 
1949 because of convulsions and “low blood pressure” during the previous four years. There had 
been a total of about 14 generalized convulsions, many of which were precipitated by coughing 


paroxysms. A positive serological test for syphilis had been discovered in 1945, and therapy 


was given. Examination revealed no pulsations in any of the arteries of the arms and neck 
Blood pressure was unobtainable in the arms and was 194/74 in the legs. Retrograde aortograms 
performed (by Dr. Henry T. Bahnson) by means of a catheter introduced via the right femoral 
artery revealed normal aortic caliber, with a small but definite saccular aneurysm at the arch 
(Figs. 1 and 2). An operative procedure performed on Sept. 20, 1950, by Dr. Gordan Murray 


of Toronto, is discussed in the section on therapy 
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Case 7.—W. B. (J. H. H. 514561), a 46-year-old white man, was admitted in 1949 for 
investigation of syncopal attacks and visual symptoms. In 1942 bilateral pulselessness of the arms, 
with unobtainable blood pressure, had been first noted by his physician, He was asymptomatic. 
however, until 1946, when he fell 25 ft, striking the left side of his body. He was intermittently 
uiconscious for 12 hours and sustained fractures of three left lower ribs. Vision was absent in 
the right eye for four days and in the left eye for seven days. During the next three months 
there were several episodes of blindness in the left eye, lasting two to seven hours, These attacks 
were sometimes precipitated by movement, especially dorsiflexion, of the head. Attacks later 
appeared characterized by a “blinding yellow haze” spreading first over the right, then over the 
left field of vision; these were relieved by lowering the head between the knees. During the eight 
months before admission there occurred a total of six syncopal attacks, often precipitated by 
changes in position of the head and sometimes associated with involuntary twitching of the right 
arm. Angiocardiograms made at another hospital failed to show any filling of the subclavian or 
carotid arteries. Examination revealed absent brachial and carotid pulses bilaterally, although 
the vessels were readily palpable. The face paled perceptibly when the patient assumed an upright 
position. The retinal arteries showed peculiar knob-like protrusions resembling aneurysms 
Carotid sinus pressure precipitated an attack of blanching, aphasia, and confusion, followed by 
jerking of the right arm and syncope. Serological tests for syphilis, including the treponemal 
immobilization test, were positive. Antisyphilitic therapy was given. A letter in November 195] 
revealed that the patient was considerably improved and was working as a carpenter, with easy 
fatigability and paresthesias of the arms as the only complaints. 


We have studied three other cases of occlusion of the carotid or innomi 
nate arteries due to syphilitic aortitis (R. G., 296195; A. S., 373986; A. L. S., 
154454 B. C. H.). Only the more unusual and instructive cases have been described 
here. 

Yelloly’s case“! of “preternatural growth in the lining membrane” of the aortic 
arch and the great vessels, reported in 1823, probably represents a case of syphilitic 


aortitis with superimposed arteriosclerosis. This man of 56 dropped dead while 
at work in a garden. His general health had always been good except for two or 
three attacks of sudden faintness during the two years before death. The state of 
the pulse was not known. At postmortem examination 


the whole of the ascending aorta was somewhat increased in diameter, and its inner surface, in 
many places, covered with irregular scales of ossification. The trunk of the arteria innominata 
was reduced to less than one-third of its usual dimension. In the left carotid the opening of the 
trunk into the aorta was diminished to such an extent, as to admit not more than the passage of 


a common-sized probe. 


The left subclavian orifice was diminished ‘to the extent of a small slit.” 

Cases almost certainly of multiple vessel occlusion by simple syphilitic aortitis 
were graphically described by Yelloly®' in 1823 and Davy ** in 1839 (patient 
Hector McCallum). Regarding pathogenesis, Davy made the following observation : 


I am disposed to believe that whenever the middle coat of an artery becomes diseased, whether 
from atrophy, or change of structure, or deposition in it, of that matter which has been called 
atheromatous, or any other, there is invariably an effort, as it were, made, to strengthen the 
part, by the deposition of lymph on both sides; and that according to the rate of progress of the 
two processes, there is either a closure of the vessel, or an aneurism established: if the lymph 
is deposited rapidly, the former, if the atheromatous matter the latter; and also the latter, if the 
absorption or weakening of the middle coat from diseased alteration in its texture proceed with 
more speed than the deposition of lymph. 
ee 

61. Yelloly, J.: Case of Preternatural Growth in the Lining Membrane Covering the Trunks 
of the Vessels Proceeding from the Arch of the Aorta, Med.-Clin. Tr. 12:565, 1823 
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This theory agrees remarkably well with current views on the pathogenesis ot 
syphilitic aortitis and offers an adequate explanation for the production of either 


aneurysm or occlusion by the same disease process. 

One of our patients with syphilitic aneurysm of the aorta (J. H. H. 373986) 
had a Corrigan pulse in the right arm, with a blood pressure of 180/20 mm. Hg, 
while the pressure in the left arm was 120/82 mm. Hg, with no Corrigan pulse 
Motley and Moore ® reported a similar case, in which a Corrigan pulse was cor 
rected in one arm by syphilitic stenosis of the subclavian orifice. 

Cases in this category have also been described by Snow,"* Thompson,** Darling 
and Clark (Cases II, Il], and VI),*® Barker,®® Sato,*® Riegel,®° Cooley,®* Black,!* 
Pijoan de Beristain,®’ Casiello and Hanono,** Lampen and Wadulla,?*® and Rich 
ards.’"* Barker’s case was extremely well documented and demonstrated post- 
mortem changes of syphilitic aortitis and endarteritis, with obliteration of the lumen 
of the innominate artery and partial obstruction of the lumen of the left subclavian 
artery. 

Atheromatosis.—Cases of complete occlusion of great vessels at the aortic arch 
by atheromatosis must be uncommon. Galdston and co-workers “ reported two 
cases of common carotid artery thrombosis due to atherosclerosis, and Webster and 
co-workers ** have described three such cases. Avery’s case *° showed only partial 
occlusion of the right arm vessel. Bittorf’s case '** of involvement of all four vessels 
arising from the aortic arch was probably arteriosclerosis, in his opinion; from the 
evidence presented it must be considered obscure. In five cases in our series there 
was enfeeblement (but not obliteration) of pulses due probably to atheromatosis. 
but in only one was the pulse alteration marked. None of the five has been exam- 
ined pathologically. In two cases there was complete obliteration of the left arm 
pulse (Cases 6 and 7 below), which developed under observation. 

Atheromatosis may be a conspicuous contributing factor in the vascular occlu 
sions of syphilitic aortitis and of those which seem to be related to trauma. Syphilitic 
aortitis renders the aortic arch more vulnerable to atheromatosis. Atheromatosis 
rarely is as marked in the aortic arch as in the abdominal aorta, except in the 

62. Motley, L., and Moore, R.: Obliterating Syphilitic Arteritis, J. A. M. A. 100:656, 1933 

63. Snow, N. L.: Syphilitic Degeneration of Arteries as a Cause of Aneurism: With a 
Report of 2 Cases, M. Rec, 18:229, 1880 

64. Thompson, R. S.: Aneurysm of the Aorta with Early Pressure Symptoms and Oblitera 
tion of Left Carotid, Tr. Glasgow Path. & Clin. Soc. 4:109, 1891-1893. 

65. Barker, W. F.: Syphilitic Aortitis with Obstruction of Multiple Aortic Ostia. New 
England J. Med. 241:524, 1949. 

66. Riegel, F.: Berlin Klin. Wehnschr. 14:300, 1877. 

67. Pijoan de Beristain, C.: Disappearance of the Radial Pulse in Simple Syphilitic Aortitis 
Semana méd. espafi. 6:178, 1943. 

68. Casiello, A., and Hanono, M.: Absence of Pulse in the Upper Extremities and Right 
Carotid in Luetic Aortitis, Rev. méd. Rosario 34:1159, 1944. 

69. Webster, J. E.; Dolgoff, S., and Gurdjian, E. S.: Spontaneous Thrombosis of the Carotid 
Arteries in the Neck: Report of 4 Cases, Arch. Neurol. & Psychiat. 63:942, 1950. 

70. Avery, H.: Unequal Radial Pulses with Intermittent Claudication of the Right Leg 
Proc. Roy. Soc. Med. 25:804, 1932 
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presence of preexisting syphilitic aortitis. In China, although syphilitic aortitis 1s 
common, the extensive atheromatosis of the intima associated with this lesion in 


this country is not seen.” 

The following cases are believed to represent instances of the aortic arch syn- 
drome due to atheromatosis. [ven though not stated in the brief abstracts, other 
causes of aortic arch syndrome have been adequately excluded, in our opinion 


Case 1.—W. S. (J. H. H. 575724), a 56-year-old white man, was admitted for investigation 
of “low blood pressure” of 10 years’ duration. There had been intermittent claudication of the 
legs for 10 years. Four years previously a mild cerebrovascular accident had occurred, and for 
a year there had been episodes of decreased vision, giddiness, and weakness on sudden changes 
of position or prolonged walking and standing. On examination no blood pressure was obtainable 
in three of the four extremities, with a value of 62/48 mm. in the left arm when the patient was 
recumbent. Even this could not be obtained when the patient stood. The left carotid pulse was 
not felt, although the right was forceful. There was attenuation of the smaller retinal arterioles 
with many hemorrhages and exudates. X-rays revealed a normal heart and aorta. An electro 
cardiogram showed changes consistent with old posterior myocardial infarction. Serological 
tests for syphilis were negative. 

Case 2.—J. F. (J. H. H. 170371) was a white woman with Leriche’s syndrome,?? which wa: 
tully developed when she was first observed at this hospital, in 1939, when she was 52 years old 
The blood pressure in the right arm was 170/80 mm. Hg, and in the left arm 110/82, with barely 
palpable left radial pulse. By 1946 clear signs had developed of an aneurysm, presumably arterio 
sclerotic, of the abdominal aorta. 

Case 3.—J. P. (J. H. H. 184964), a white man born in 1905, was demonstrated by aorto 
grams to have Leriche’s syndrome of thrombotic occlusion of bifurcation of the aorta. Claudica 
tion began at age 32, and impotence in the form of inability to maintain a stable erection began 
at the age of 36 years. In 1951 the blood pressure in the right arm was 160/100 mm., and in the 
left arm 125/110. The left radial pulse was feeble. In the left supraclavicular fossa and to a 
lesser extent under the clavicle a rough systolic bruit was heard. The basis of the premature 
atheromatosis appeared to be idiopathic hypercholesterolemia; serum cholesterol levels were 35£ 
to 422 mg. per 100 cc. and there were xanthelasmata of the upper eyelids. After the patient’s 
close adherence to a low-fat diet for 28 months serum cholesterol levels fell to as low as 220 mg 
and there was partial alleviation of symptoms in the lower part of the body; the pulse abnormality 
in the left arm remained unchanged. 

Case 4.—W. A. (J. H. H. 291541) was a 67-year-old white man with signs and symptoms 
attributable to generalized arteriosclerosis: vertigo, diplopia, and blurred vision from cerebral 
arteriosclerosis ; absent pulses in the legs below the femorals; acute posterior myocardial infare- 
tion from coronary sclerosis. Several months before the coronary accident the blood pressure 
and pulse in the right arm were found to be unobtainable, the blood pressure in the left arm 
being 130/88 mm. Hg. Pulses in the carotid arteries were full and equal. X-ray of the chest 
even after the myocardial infarction showed the heart and aorta to be of normal size. 

Case 5.—J. McC. (J. H. H. 523086), a 62-year-old white man, complained only of low blood 
pressure in the left arm. Since infancy the pulse in the left arm had been said to be poor. In 
later years physicians remarked on the lower pressure in the left arm and there was an impres 
sion that the anisosphygmia was increasing. Examination showed moderate peripheral and 
retinal arteriosclerosis. The left common carotid artery and the arteries of the left arm pulsated 
much less vigorously than the corresponding ones on the right. The blood pressures were 160/90 
(right arm) and 120/85 (left arm). By x-ray the heart was of normal size, with moderate 
dilatation of the arch of the aorta. Electocardiogram was consistent with right bundle branch 
block. 

tii 

71. Dock, W.: Personal communication to the authors. 

72. Leriche, R., and Morel, A.: The Syndrome of Thrombotic Obliteration of the Aortx 
Bifurcation, Ann. Surg. 127:193, 1948 
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Case 6.—M. F. (J. H. H. 310324), a 59-year-old Negro woman with diabetes, had suffered 
multiple cerebral softenings as part of her general arteriosclerosis. Pulse and blood pressure were 
at first markedly diminished and after about six months were unobtainable in the left arm 
Since there were no pulse abnormalities elsewhere (specifically, the left leg pulses were normal) 
and since some pulse change was present before the major neurologic changes had occurred. 
atheromatosis was considered the most likely cause. 

Case 7.—J. R. G. (J. H. H. 623487), a 56-year-old white man, had mild diabetes mellitus 
and classical intermittent claudication of the legs. No pedal pulses were palpable. When he was 
first seen a harsh systolic murmur was audible in a localized area at the base of the neck 
anteriorly on the left side. Four months later this murmur was no longer present and no pulses 
were palpable in the left arm. The brachial and radial arteries were very sclerotic in both arms 
The patient now complained of “muscular pain” in the left arm, especially the biceps area, on 
ise of the arm. 


Atheromatosis is suggested as the etiology by the description of the necropsy 
nndings in Broadbent's case."* This patient was a 50-year-old man who had had 
syphilis. Absence of pulses had been first detected after he had been thrown from 
a train in Boxmoor tunnel 30 years before. The findings at postmortem examina- 
tion appear to have excluded syphilitic aortitis, since “very little disease was found 
in the internal coat of the ascending part of the arch, and the walls were perfectly 
elastic.” The innominate artery was almost closed by an atheromatous plaque, as 


was also the left subclavian. This case may be similar to that of W. W., cited in 
detail as a case of obscure origin. In both speculation seems warranted as to the 
predisposition to atheromatosis resulting from trauma of special types. 

Trauma with Aneurysm.—It is always difficult and hazardous to implicate 
remote or even. recent trauma in conditions such as the one under discussion here. 
As seen above in the section on the clinical picture, trauma may have played a role 
in several of the syphilitic aortitis cases. Samson “* presented two cases in which 
there was suggestive evidence that trauma precipitated dissecting aneurysm of the 
aorta. Warfield *® reported a case in which dissecting aneurysm of the aorta 
developed following chest trauma in an automobile accident. Huebener’s case ™ 
was one of saccular aneurysm of the ascending aorta presumably due to trauma. 
Warfield *° states that the first case of traumatic aneurysm was reported by Testa in 
1813. As in the early cases of Moxon” and Albutt,”* the relationship of trauma 


to the aneurysm is circumstantial. Shennan * described a case in which a false 
aneurysm developed in the aortic wall in the region of the left subclavian artery 
and the ligamentum arteriosum following trauma. Pulse changes were not noted 


in this patient. An important point illustrated by many of these cases is that the 

73. Broadbent, W. H.: Absence of Pulsation in Both Radial Arteries, the Vessels Being Full 
of Blood, Tr. Clin. Soc., London, 8:165, 1875. 

74. Samson, P. C.: Dissecting Aneurysms of the Aorta, Including the Traumatic Type 
$ Case Reports, Ann. Int. Med. 5:117, 1931-1932. 

75. Warfield, L. M.: Injuries to the Heart and Aorta, Wisconsin M. J. 32:688, 1933 

76. Huebener, W.: Traumatic Causation of Aortic Aneurysm, Monatsschr. Unfallh. 35: 342, 
1928 


77. Moxon: Aneurysm Opening into the Left Bronchus Avoiding the Recurrent Nerve, 
Wholly Without Spasmodic Symptoms, Med. Times & Gaz. 2:95, 1870. 

78. Albutt, T. C.: The Effects of Overwork and Strain on the Heart and Great Blood 
Vessels, St. George’s Hosp. Rep. 5:23, 1870. 

79. Shennan, T.: Traumatic (False) Aneurysm of the Aorta, J. Path. & Bact. 32:795, 1929 
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aorta in the vicinity of the left subclavian ostium is the portion most liable to injury 
from indirect trauma.*® In the following case there is evidence of relationship of 
trauma to the aortic aneurysm and the pulse changes present : 


C. C. (J. H. H. 574668), a 48-year-old white female nurse, was admitted to the service of 
Dr. H. William Scott on June 7, 1951, for study of an aortic aneurysm, which apparently 
developed following an automobile accident. 

She never had syphilis or any symptoms referable to the cardiovascular system. On Oct. 1, 
1950, she was severely injured in an automobile accident. She was knocked unconscious and 
had no memory of events in the few days following the accident. However, she sustained frac- 
tures of several ribs and the first lumbar vertebra. When she first regained consciousness she 
was aware of pain in her back and chest and had trouble breathing. The family noticed hoarse- 
ness within 48 hours of the accident. She was discharged from the hospital after two weeks 
The pain in the chest persisted, however, and there was progression of the hoarseness during 
the next few weeks. Late in November 1950 x-rays of the chest were again made and a pulsating 
mass in the upper mediastinum was discovered. 

The principal finding on physical examination was a palpable weakness of the left radial 
pulse, with a blood pressure of 135/80 mm. in the right arm, 90/80 mm. in the left. The carotid 
pulses were full and equal. The left vocal cord was paralyzed. 

Serological tests for syphilis were negative. On fluoroscopy an orange-sized mass with 
expansile pulsations was seen in the left upper mediastinum in the region of the aortic knob 
Angiocardiograms revealed filling of the mass with contrast substance. Whether the aneurysm 
arose directly from the aorta or from the left carotid or left subclavian arteries could not be 
determined. 

On July 19, 1951, thoracotomy was performed by Dr. Scott. The dissection was difficult. The 
aneurysm appeared to arise from the aorta at the mouth of the left subclavian artery. Its mouth 
was rather wide, involving the first part of that vessel as well as that part of the transverse 
aortic arch between the left common carotid artery and the left subclavian artery. The aneurysm 
was wrapped with reactive polyethylene film. About one month after the operation the patient's 
voice had returned to normal. Five months after operation pulsations in the aneurysm were seen 
by fluoroscopy to be diminished. Six months after operation hoarseness returned and the patient 
began to have much left upper chest pain. On Oct. 4, 1952, thoracotomy was performed by 
Dr. Henry T. Bahnson and it was possible to resect the aneurysm in toto, sacrificing the left 
subclavian artery. A shearing type of injury was probably responsible for localization of the 
major damage at the site described. 

We have seen one other case of traumatic or false aneurysm of the aortic arch 
Although there were no pulse changes, this patient (J. H. H. 379861) was in an 
automobile accident in which not only did the steering wheel hit his upper chest 
but also his head was thrown back in hyperextension. Seven years after the acci- 
dent he (then 26 years old) was found to have a calcified saccular aneurysm of the 
aorta, with its mouth just beyond that of the left subclavian artery. Since the 


patient had had hemoptyses related probably to the aneurysm, wiring was _per- 
formed, and the patient has had no trouble since that time. 


Numerous cases are on record *! in which a previously normal aorta has been 
torn open or completely severed in victims of accidents which produce little external 

80. Fidler, H. K.: Traumatic Rupture of the Thoracic Aorta, Canad. M. A. J. 60:590, 1949 

81. (a) Copeland, G. G.: Traumatic Rupture of the Healthy Aorta Without External Signs 
of the Cause of Death, J. A. M. A. 63:1950, 1914. (b) McDonald, J. B., and Campbell, W. A. 
Traumatic Rupture in the Normal Aorta in Young Adults: Report of 2 Cases, Am. Heart J 
$0:321, 1945. (c) Spicer, F. W.: Trauma and Internal Disease, Philadelphia, J. B. Lippincott 
Company, 1939. (d) Stern, R. A.: Trauma in Internal Disease, New York, Grune & Stratton, 
Inc., 1945, p. 159. 
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evidence of trauma. Hass ** made similar observations in victims of aircraft acci- 
dents. Wilson ** described pathological findings in 12 persons killed by blast when 
a bomb exploded in a rock-walled shelter. In one case, that of a 25-year-old woman, 
a transverse tear was found in the aortic arch % in. (1 cm.) distal to the aortic 
cusp. “The wall of the ascending aorta was infiltrated with blood and inferiorly 
the infiltration extended into the pericardial sac.” If the rupture into the pericardial 
sac had not occurred, this patient might have lived and an aneurysm and/or occlu- 
sion of great vessels from the arch might have developed. These observations are 
based entirely on postmortem examination ; no cases of survival with proved cardiac 
or aortic damage have, to our knowledge, been reported. It is not inconceivable 
that injury to the aortic wall of a lesser degree might result in intimal tears and 
that these tears might later initiate dissection of vessel ostia or be a nidus for 
atheromata encroaching on the vascular lumen. Thrombosis of the iliac artery has 
been caused by abdominal contusion,*'* and traumatic thrombosis of peripheral 
vessels, including the carotid arteries, is still commoner.** Such, it would seem, might 
occur at the branches of the aortic arch. A predilection for the development of 
atherosclerosis at sites of trauma to arteries of types including stretching has had 
good experimental analogy in the work of Ssolowjew.*° 

Trauma Without Aneurysm.—In the cases of W. W. (p. 706) and W. B 
(p. 715) and in the case of Broadbent,”* trauma may have played a supporting role 
in the development of the pulse changes. In both trauma may have hastened the 
development of atheromatosis at the vessel ostia. In the case of W. B., a probable 
instance of syphilitic aortitis without aneurysm, symptoms had their onset after 
trauma although pulse changes had been observed before. 

We have recently had the opportunity to see a patient (J. H. H. 618679) with 


syphilis in whom thrombosis of the common carotid artery occurred shortly after 


the head had been held in a hyperextended position for a prolonged period of time 
for dental extractions. Pain in the right eye was noted within a few hours, and 
the following morning the patient was blind in the right eye, with hemiplegia on 
the left. Two months later there was right optic atrophy and absence of the right 
carotid pulse. There was no evidence of aortitis. The probable diagnosis was con- 
sidered to be syphilitic arteritis with thrombosis precipitated by trauma to the 


vessel. 


82. Hass, G. M.: Safety in the Design of Aircraft, J. Aviation Med. 15:395, 1944; Types of 
Internal Injuries of Personnel Involved in Aircraft Accidents, ibid. 15:77, 1944; Internal Injuries 
of Personnel Involved in Aircraft Accidents, Air Surgeons Bull. 1:5, 1944; personal communi- 
cation to the authors 

83. Wilson, J. V., and Tunbridge, R. E.: Pathological Findings in a Series of Blast Injuries. 
Lancet 1:257, 1943. 

84. (a) Caldwell, J. A.: Post Traumatic Thrombosis of the Internal Carotid Artery, Am. 
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Brit. J. Surg. 22:246, 1934. (c) Lawrence, K. B.; Shefts, L. M., and McDaniel, J. R.: Wounds 
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Leriche ** has described a case in which the fracture of the inner end of 
the left clavicle at age 6 was followed by the development of a Raynaud-like syn- 
drome at age 46. The patient was a school teacher who had difficulty writing on 
the blackboard with her left arm and much pain in the arm at night. Operation 
revealed complete occlusion of the prescalenus portion of the subclavian artery 
Removal of this segment resulted in complete relief of symptoms, and the patient 
was well 30 years later. It would seem possible that trauma produced changes 
which predisposed the vessel to premature atheromatosis and thrombosis. 

The case of Guthrie and Mayou ** reported in 1908 may represent an instance 
of traumatic occlusion without aneurysm formation, although the details are meager 
The patient, a boy of 7, was run over by a cab, with resulting cerebral concussion 
and multiple rib fractures on the left. Six days after the accident he became aphasic, 
paralyzed on the right side, and blind in the left eye. Five months after the accident 
there was atrophy of the left optic nerve and complete absence of pulsation in the 
left common carotid artery. 
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Fig. 3.—Five general varieties of aortic arch branching (adapted from De Garis *"). W 
indicates whites; C, Negroes. The figures given are percentages of the total racial group 


Congenital Anomalies.—The mode of origin of the great vessels from the arch 
is more variable than one might think. Figure 3 is a diagrammatic presentation of 
the approximate incidence of each of the commoner varieties of aortic arches."* The 
who studied 


statistics are adapted from the data of DeGaris and co-workers,* 
specimens from 110 whites and 203 Negroes. For clinical purposes the classification 
indicated in the diagram is adequate, in our opinion. It accounts for the origin of 
the four arteries whose pulsations are determined clinically. Further variations on 


these five basic patterns have been described and involve peculiarities in the origin 


86. Leriche, R.: Influence of Obliteration of the Subclavian Artery on Peripheral Vasocon 
striction: Onset of a Syndrome Resembling Raynaud’s Disease, Angiology 3:380, 1952. 

87. Guthrie, L. G., and Mayou, S.: Right Hemiplegia and Atrophy of Left Optic Nerve, 
Proc. Roy. Soc. Med. 1:180, 1908. 
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difference in incidence in Negro and white groups is worthy of note. 
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in American White and Negro Stocks: With Comparative Notes on Certain Other Mammals, 
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of the left vertebral artery and the thyroid ima artery (from the aortic arch). These 
are not pertinent to the present problem. We have grouped together cases in which 
two vessels arise from the arch by a distinct common trunk (truncus communis) 
and those cases in which the same two vessels arise from the arch merely by a 
common ostium (radix communis). Clinically and pathologically this grouping 
seems justified, since it is likely that in either case flow through the two vessels 
involved will be about equally impeded. 

Type 1 of Figure 3 is the common variety of aortic arch. In Types 2, 3, and 4 
there can be seen a tendency to clumping of the arterial stems at the aortic arch 
Aortic arch Type 5 is unique in that the right subclavian artery arises separately 
from the left side on the dorsal aspect of the aorta at the junction of the transverse 
and descending portions.*° The embryological background of this anomaly, which 
occurred in 2.5% of Negroes in DeGaris’ series, has been presented elsewhere ® 
(the occurrence of this anomaly in no whites in DeGaris’ series is undoubtedly 
chance, since it has been reported many times in whites by others °°”). 

Many of the patients mentioned in previous sections of this paper were found 


at postmortem examination to have anomalous aortic arches. Kampmeier and 


Neumann “ were the first to suggest that congenital variation might contribute 
to vascular occlusion in aneurysm of the aorta. It seems likely that anomalous 
placement of vessels may render them more susceptible to occlusion from any of 
the causes previously mentioned. In several of the cases presented above a con- 
genital factor has been suspected, and in six cases variations from the normal have 
been demonstrated at postmortem examination. The cases of Broadbent,”* Barker,® 
and Darling ** (Cases 2 and 3) demonstrated variation in the interrelationships of 
the right subclavian, right carotid, and left carotid arteries. In Broadbent’s case 
the orifices of the innominate and left carotid arteries were described as unusually 
close together. Barker’s case demonstrated a similar situation, in that the innomi- 
nate and left common carotid arteries arose in close proximity. An apparently 
unusual situation was seen in Darling’s Case 2, in that the “right subclavian and 
carotid arteries arose almost simultaneously from the arch so that there was almost 
nothing to represent the innominate artery.” The mouth of the “innominate” had 
a “double barrel” appearance (radix communis). In Darling’s case and Penzoldt’s * 
Case 2 the left common carotid artery arose from the innominate artery a few 
millimeters above its aortic orifice, as in Type 3, Figure 3. Consequently the arterial 
supply to the head and arms left the aorta through two rather than the usual three 
primary orifices. A similar reduction to two ostia by a different mechanism was 
demonstrated in the case of Cohen and Davie.** In their case the origins of the 
left common carotid and left subclavian arteries were combined as in Type 2 of 
Figure 3. Penzoldt’s ** Case 1 represents an instance of right carotid occlusion in 
the most unusual aortic arch type (Type 5). Variations in the origin of the left 
vertebral artery were described in the case of Broadbent and that of Darling (Case 
IV). In Broadbent's case 
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the left vertebral instead of arising from the subclavian, sprang from the arch of the aorta close 
to the origin of the subclavian, the orifice of which was narrowed to the size of a crow quill 
by the proximity of the vertebral. 

In Darling’s Case 4 the’ left vertebral artery came directly from the aorta. The 
diagram illustrating Barkér’s case °°’ shows a vessel arising from the arch between 
the left common carotid and the left subclavian arteries. Though no mention is 
made of this vessel, it could be assumed that it is the left vertebral artery. It seems 
more than coincidence that so many of these instances of the aortic arch syndrome 


involved less common varieties of aortic arches. It has been suggested *“ that the 


development of the aortic arch and its branches in some of these patients was like 


that of the horse, in which a single trunk (truncus brachiocephalicus communis ) 
arises from the aortic arch and later divides into the four vessels supplying the 
upper part of the body.** Congenital stenosis or atresia or acquired obstruction 
of this trunk might then produce a complete aortic arch syndrome. We mention 
this in passing only to point out that we know of no such case and believe that this 
explanation, though intriguing, is entirely fanciful. 

Not pertinent to this review are congenital anomalies of the aortic arch which 
do not primarily concern the main arterial branches, e. g., aortic rings, right aortic 
arch, ete., since pulse change is not a characteristic of these anomalies.”* 

Just as there is wide variation in the anatomical structure of the normal aortic 
arch, so there may be wide variation between the blood pressures in the two arms 
in apparently normal persons. The magnitude of this variation as described by 
Rueger “° and Korns and Guinand *° should be considered in the evaluation of pulse 
ditferences. 

The true congenital anomalies of the aortic arch, specifically coarctation and 
patent ductus arteriosus, may produce pulse differences. Cases of weak or absent 
pulses in the left arm in association with coarctation of the aorta have been reported 
by a number of writers."* Asymmetrical development of the upper extremities may 
be found, and the collaterals and rib notching may be absent or relatively incon 
spicuous on the left. The cause of the pulse abnormality in the left arm may be 
stenosis of the ostium of the left subclavian artery," atresia of the proximal seg 
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ment of the subclavian artery,”’ or origin of the left subclavian artery beyond the 
coarctation.'”” In a group of 125 cases recently studied at operation and/or autopsy 
in this hospital the left subclavian artery arose below the coarctation in 1 and in 3 


ethers there was marked narrowing or obliteration of this artery.’”! 
As we have pointed out repeatedly, a combination of etiologic factors may be 


operative in cases of the aortic arch syndrome. In a 44-year-old man (J. H. H. 


408041) syphilitic aortitis was thought to participate with the congenital factor 
(coarctation of the aorta) in the production of left subclavian artery occlusion 
which progressed to completeness during a period of several months’ observation. 
A similar case has been reported.’ 

Taylor and Pollock '’* recently described two patients, brother and sister, with 
a variety of coarctation, or stenosis, of the aorta, which appears, from study of the 
one which came to postmortem examination, to involve the aorta from a point 
immediately above the aortic cusps to a point just beyond the origin of the left 
subclavian artery. In the case in which autopsy was performed the lumen was 
reduced to a diameter of 3 mm. in the stenotic segment, and the aorta appeared 
normal beyond the origin of the left subclavian artery. Blood pressures were about 
equally reduced in all four extremities, being only 86/78 mm. Hg in the left arm 
in one case. The distribution of the systolic murmur and thrill resembled that of 
aortic stenosis more than that of classic coarctation. No arterial collaterals or rib 
notching was identified. The mother of these two patients appeared to have classi 
cal stenosis of the aortic isthmus. 

Instances of pulse abnormality in the right arm in association with coarctation 
have been described by Fawcett (Case 10),'"* East,’’® Love and Holms, KE spin 
'? and Stephens (cited by Gross '’*). In [ast’s patient the blood pressures 


106 


Osa, 
were 135/100 and 195/145 mm. Hg in the right and left arms, respectively, but no 
autopsy information was available. In the case reported by Love and Holms, blood 
pressures were 150/90 and 210/95 mm. Hg in the right and left arms, respectively, 
with a noticeable difference in the radial pulses of the two arms. The coarctation was 
not recognized before death. Anatomical studies revealed that in addition to coarcta 
a 
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tion there was marked stricture of the right subclavian artery at its origin from the 
innominate artery (well illustrated by the authors). Very little collateral circula- 
tion was found on the right side although there were well developed collaterals on 
the left. In a recently reported case both subclavian arteries arose beyond the 
coarctation (which was located in the usual position), and all four extremities 


were pulseless.'’’ Both carotid arteries arose directly from the aorta. Basically 


this should be considered a Type 5 aortic arch with superimposed coarctation. 

Grishman, Sussman, and Steinberg ''° called attention to an important group 
of patients (they reported three cases) who have absent or much diminished pulses 
in the left arm and in some in the left carotid artery, presumably on a congenital 
basis. They expressed the opinion that these represented atypical (perhaps forme 
fruste) cases of coarctation. There was no discrepancy between arm and leg pres 
sures in their cases and the angiocardiograms were unconvincing. It is a common 
finding to have some indentation of the aorta at the attachment of the hgamentum 
arteriosum. 

It has been said *"! that in cases of patent ductus arteriosus occasionally there are 
unequal radial pulses, with a higher blood pressure in the right arm than in the 
left. Some of the cases on which this statement was based may have been instances 
of the fetal type of coarctation with patent ductus and stenosis of the left subela 
vian ostium. Oda *™ found a lower blood pressure in the left arm in all of seven 
cases of patent ductus studied. This discrepancy he attributed to dissipation of 
pressure into the pulmonary artery. As described later, some patients with the 
aortic arch syndrome may have machinery murmurs; in some of the so-called 
cases of patent ductus with absent pulses there may actually be a purer variety 
of aortic arch syndrome. ; 

In our case review we have repeatedly seen “congenital anomaly” invoked as 
an explanation for absent pulses. It should be emphasized that while congenital 
variation may be an underlying contributing factor it is rarely the primary cause 
of pulselessness. Sir Thomas Lewis * summarized the status of congenital factors 
in the causation of the aortic arch syndrome in this way: 

No such anomaly is known in which all of the usual vessels, innominate, subclavian, and 
carotid, fail; or which would account for loss of pulses in head, neck, and arms. The congenital 
anomalies of arteries are not suppressions of arterial supply, they are merely unusual arrange 


ments of supply. 


Chronic Dissection of the Aorta~—Healed dissected aneurysm of the aorta 
undoubtedly can account for pulse differences such as those under consideration. 
Shennan,’!” in his review of 300 cases, states that inequalities of the radial pulses 
are described in old dissecting aneurysms but does not stress this as a prominent 
feature. Baer and Goldburgh''® in reviewing 44 cases of dissecting aneurysm 
a 
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found only 1 with absent radial pulse. Todd,''* in 1844, reported a patient with 
dissecting aneurysm, living 11 days after onset, in whom enfeeblement of the right 
radial pulse was a striking feature. The pathogenesis of occlusion in this disease 
is well illustrated by a published case ''’ in which the innominate artery was com- 
pletely occluded by dissection and inward bulging of the intima. Vessels may be 


dissected for a considerable distance from the aortic arch; the occlusion may be so 
remote from the origin of the vessel that the process may be mistaken for embolism. 
The second case of Mote and Carr ''® serves well as an example of pulse differ- 
ence due to a healed dissection of the aorta. In a woman 32 years of age sudden 
severe substernal pain radiating to the neck and back developed on Oct. 1, 1937 
Qn examination systolic and diastolic aortic murmurs were heard. The radial and 
brachial pulses on the right were smaller than on the left. Pulsation in the right 
carotid was also markedly diminished. Blood pressure was 130/0 mm. Hg in the 
left arm, 80/60 in the right arm, and 1600/0 in both legs. The blood pressure 
stabilized at 120/30 mm. Hg on the left and 70/60 mm. Hg on the right. Pulsa- 
tion became almost imperceptible in the right carotid artery and diminished in the 
left. The patient noted transient episodes of decreased visual acuity. The patient 
died on Aug. 8, 1940, two years and 10 months after the onset of dissection. At 
postmortem examination the 
proximal 5 cm. of the aortic arch were dilated and tormed a sacculation in the right and anterior 
aortic wall which projected forward and laterally to the right in a large, round knob about 
8 cm. in diameter. This formation extended to the innominate artery and exerted considerable 
pressure upon it externally. There was a tear in the anterior wall of the aorta 3.5 cm. above 
the aortic ring which formed the entrance to an artificial channel which extended to the aortic 


bifurcation and had dissected into the left carotid artery 


Thrombophita._Aggeler, Lucia, and Thompson '’ described a case of absent 
pulsation in all the arteries of the upper extremities and neck. The etiology of the 
vascular occlusions remained obscure, but it was suggested that thrombocytosis 
might have been a contributing factor. Nygaard and Brown '"* in their review of 
five cases of essential thrombophilia, reported one case in which the brachial, radial. 
and ulnar pulses were absent in one arm. In this case the etiology was not at all 
clear, and it is possible that embolism may have been the cause of the occlusion 

The case of Aggeler, Lucia, and Thompson is an excellent example of the aortic 
arch syndrome, whatever the etiology, and is abstracted here. 

About 1936, at the age of 25, a Spanish woman had suddenly fallen to the 
floor, and following this incident she had become progressively weakened, with 
cold hands and feet. She noted dizziness on arising quickly from the supine posi- 
tion. Her memory was markedly impaired for both recent and remote events. In 
1931 her blood pressure had been 120/70, and in July 1937 it was 100/60, In Novem 
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ber 1938 no blood pressure could be measured in either arm and the radial pulses 
were not palpable. The blood pressure in the legs was 160 to 170 mm. systolic, 
with indefinite diastolic readings. The carotid pulse was palpated on the right 
but not on the left. A strong pulsation was present in the suprasternal notch. 
\ loud to-and-fro murmur transmitted to the neck was heard over the left sterno 
clavicular region, left supraclavicular area, and left second intercostal space. 

Studies in 1940 revealed the following abnormalities: Slit lamp examination 
of the conjunctivae showed clumps of erythrocytes traveling as units in the larger 
vessels. Ophthalmoscopic examination of the right eve revealed an atrophic optic 
nerve head and many occluded and obliterated arterioles. There were large areas 
of retinal hemorrhage. Laboratory examination revealed hemoglobin 9.6 gm. per 
100 ce.; red cell count 4,400,000 per cubic millimeter; white cells 8,900 per cubic 
millimeter. Ten platelet counts varied between 1,200,000 and 1,500,000 per cubic 
millimeter. Sternal marrow biopsy revealed hyperplasia of both myeloid and 
erythropoietic series and an increased number of megakaryocytes. Autoagglutina 
tion of erythrocytes occurred at body, room and ice-box temperatures. Kolmer 
and Kahn tests were negative. Biopsy of an artery 2 mm. in diameter, in the usual 
location of the right brachial artery, revealed normal findings. X-ray and fluoro 
scopic examination of the chest revealed normal heart and aorta, with no abnormal 
pulsations. 

In 1941 the patient was complaining of increasing weakness, frequent headaches, 
and occasional nervous spells. Her nose had become tender, and two weeks before 
entry the bridge had collapsed, producing a saddle deformity. The right eye showed 
in old retinitis proliferans, with new-formed vessels and partial detachment of the 
retina. The cardiac murmurs previously described were inaudible. Diodrast angio- 
cardiograms revealed no abnormalities of the heart or aorta itself. Two platelet 
counts were 820,000 and 890,000 per cubic millimeter. Unfortunately, at present 
writing follow-up of this patient has been impossible, 

In their summary the authors discuss the thrombocytosis and autohemagglu 
tination and reach the following conclusion: 

Because of the localization of the occlusive process to the large vessels arising from the arch 
1 the aorta, it seems unlikely that changes in the blood plasma or an increase in the number 
f circulating blood platelets could have been entirely responsible for this condition. The etiology 


in our patient therefore remains obscure 


Many features of this case resemble those of the “young female” arteritis syndrome, 


which will be described subsequently. 

Nonsyphilitic Arteritis—There are a number of cases reported in which obstruc 
tion of the large branches of the aortic arch at their origin was part of a generalized 
irteritis. In most of these cases the exact nature of the arteritis is obscure. Buer 
ver’s disease, polyarteritis nodosa, and temporal (“giant cell’) arteritis suggest 
themselves as possibilities. 

The following case, which was studied in detail clinically and pathologically at 
this hospital, was previously reported ''* as a case of Buerger’s disease. A restudy 
of the clinical picture and pathological material provides no unequivocal conclusion 


as to the nature of the vascular disease. 
Ee 
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W. W. (J. H. H. 198291), a plumber of German extraction, had onset of progressive inter- 
mittent claudication in the legs at the age of 40. He smoked a pack of cigarettes a day. At the 
age of 47 he was admitted to the hospital, where it was found that there were no pulses not only 
in both legs but also in the right arm The blood pressure in the left arm was 130/90. Carotid 
pulses were felt only with difficulty. While in the hospital the patient had a left-sided convulsion 
followed by one on the right side, bilateral paralysis, and death. Postmortem examination 
revealed thrombotic occlusions of the aorta from the celiac axis to the bifurcation, with extension 
of the occluding process into the iliac arteries. All the main branches of the arch of the aorta 
showed pronounced sclerotic changes. The second portion of the right subclavian artery was 
occluded, and there were separate thrombotic occlusions of both the internal and the external 
carotid arteries on the right. Microscopic study of the blood vessels showed thickening of the 
intima, organized and partly recanalized thrombi with nonstaining pigment, and in_ places 
enormous amounts of fat in phagocytes, but there were no striking inflammatory changes. The 
arteries and veins were not bound together as in Buerger’s disease. Although there was me 
calcification, cholesterol crystals were in abundance in places 

By definition this case represents Leriche’s syndrome with certain additional features referable 
to changes in the upper portion of the body. The case resembles those of J. I’. and J. P., described 
in the section on atheromatosis. Atheromatosis must be considered a very likely basis for the 


changes. Serum cholesterol determinations might have shed light on the nature of the process 


The pathological studies in cases reported by Gilmour,''’ Sproul,'*? and Jen- 


nings '*' are detailed enough to permit their classification as giant-cell arteritis, or 


temporal arteritis, to which there were also clinical evidences of alliance. Of Gil- 


mour’s four cases, in two there was involvement of both common carotid arteries 
and the leit subclavian artery and in one there was involvement of the innominate 
artery. In Sproul’s case, clinical notes are unavailable; however, “all the main 
branches were narrowed” and “histological study revealed a profound change affect 
ing the aorta as well as the carotid, innominate, and subclavian arteries.” In Jen 
ning’s case there were a weaker pulse and lower blood pressure in the left arm. The 
patient had had central retinal artery thrombosis, arthritis, temporal arteritis, diar 
rhea, urinary sediment changes, and leucocytosis. .\ pathologist reported, in refer 
ence to a biopsy of the temporal artery, that “polyarteritis nodosa is not excluded 
by the appearances.” Cooke and co-workers '** described involvement of the aorta, 
radial, and subclavian arteries but no occlusion of these vessels near their origin 
The development of thrombosis is easily envisaged, however. 

Harbitz '* and Raeder '** separately reported the remarkable case of arteritis 
involving the great vessels at the aortic arch. This case of arteritis in a young 
woman is the first of a series of cases collected by Frévig (see below). We find 
it convenient to refer to this group as the “young female arteritis” variety of the 
aortic arch syndrome. 

A 37-year-old woman was well until the spring of 1923, when “glittering” 
before her eves developed. At Christmas, 1923, she had an attack of dizziness 
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associated with visual symptoms and jerking of the arms and legs. An_ ulcer 
appeared in the nose and extended through the septum, resulting in perforation, 
In the spring of 1924 weakness developed in the left arm and leg. 

\t the time of admission, in June 192+, no definite radial pulses could be felt 
In August the patient had a transitory paresis of the left arm, and by October 
definite atrophy of the right half of the face and a cataract in the right eye had 
developed. Ophthalmoscopic examination revealed large dilated veins, irregular 


arteries, and a few grayish-white flecks around the macula. On Dee. 12, 1924, 


paralysis of the right arm and leg developed and the patient died a few days later. 


\t postmortem examination the ascending aorta was soft and elastic. The 
innominate artery was narrower than usual at its origin, and at a point 1.5 em. 
above the origin the lumen admitted only a small probe. The walls were definitely 
thicker than normal. The right carotid and right subclavian arteries were com 
pletely obliterated, thin and narrow, and were filled by a grayish thrombus, which 
extended into the internal carotid artery, leaving the external carotid artery open. 
The left common carotid artery was obliterated completely from its origin to the 
internal carotid artery, which was thrombosed, while the left vertebral artery was 
partially occluded at its origin. The left subclavian artery was also obliterated, 
about 1.5 cm. above its origin, and was filled with thrombus for about 1 em 

Histologically “the left common carotid artery showed fibrous thickening with 
large inflammatory infiltrations along the vasa vasorum; the infiltrations consisted 
of lymphocytes and did not contain giant cells.” The other thrombosed vessels 
showed similar changes, as did the wall of the thoracic aorta. 

Krovig *® reported a very significant case. In a 2)-vear-old) woman “curious 
sensations” developed in the right arm in the summer of 1942. Subsequently episodes 
of weakness developed in the right leg, and eventually paralysis of the right arm and 
leg accompained by aphasia developed, from which she recovered rapidly but not 
completely. In February 1943 there were manifestations referable to the left arm 
and leg. In October 1943 a cataract developed rapidly in the right eye. Changes 
developed Jess rapidly in the lens of the other eve. The eyes also showed atrophy 
of the iris and spasm of the retinal vessels. The blood pressure in the lower limbs 
varied between 170/100 and 230/150. No pulsations were felt in the arms or neck 
The carotid arteries were exposed for arteriography and found to be obliterated ; a 
section was excised for pathological examination. The pathologist reported that 
the picture most resembles that of endarteritis productiva proliferans (secondary closure 
process). There is very little inflammation, mainly a closure process with erganization (without 


evidence of a primary thrombus). It does not resemble peri-arteritis nodosa, nor rheumatic of 


syphilitic arteritis. Only in certain features does it resemble thromboangiitis obliterans 


Frévig reviewed the literature and found four similar cases, that of Harbitz,' 
already mentioned, and those of Marinesco and Kreindler,'?° Oota,*! and Taka- 
hasi.*” He points out that all these patients were young women between the ages 
of 20 and 35 years. All showed cerebral and ocular manifestations, facial atrophy, 
and hypertension in the legs with absence of pulsation in the arteries of the arms 
and neck. Aggeler’s case,'* considered tentatively under the section on thrombophilia, 


satisfies most of the criteria set forth by Frovig and probably represents the same 
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disease. Savory’s case (p. 708) might conceivably fall into this group. Japanese 
authors ** refer to 33 cases of this obscure type of arteritis in young persons; of 
these only three were men. 

Other cases of this “young female” arteritis variety of the aortic arch syndrome 
are reported by Lewis and Stokes‘? and Giffin.*** These authors described a con- 
tinuous murmur (with the acoustic characteristics of a patent ductus murmur ) 
located above the sternoclavicular joint. Aggeler’s patient '’ likewise had a continu- 
ous murmur above the left sternoclavicular joint. Oota *' refers in some detail to 


14 cases reported by Japanese authors. These 14 persons, with ages varying from 


15 to 27 years, were with a single exception all female. At least one had cataracts 
(ne was said to have had a patent ductus arteriosus ; it seems very likely that what 
Summary of Cases of the “Young Female’ Arteritis Type of Aortic Arch Syndrome * 


Vessel Involved 


Face 
i 
ntinuous 
furmur 


utaract 
Innominate 


Atrophy, 
Nasal Sept 


Author Biopsy Findings 


Harbitz '4 ; . Arteritis 

Marinesco '? ‘ " 140/90 ; ; } { } Atheromatosis 

Oota 4 2 " 146/100 f ; es oe 4 + + + Arteritis 

Frovig * 2 ’ 170-230 + - + + ' Arteritis 
100-150 


Maspetiol '2¢ 23 2 100/40 { i ; ; + i ; Periarteritis no 
dosa ? (autopsy) 


Takahasi ** 
Lewis? .. 3 a 130-150 


Giffin 244 = , 175-190 
wie1lo 
Aggeler '® f F 160-170 
Southworth 2% 2: . Ly) 
Sato %° : 2: " > eeeas } ‘ ‘ — ' { + $ Periarteritis or 
syphilis 
Skipper '! 37 ’ ' ‘ { t t ‘ f Normal (non 


thrombosed 
vessels) 


*See Oota®' for reference to 14 other less well-documented eases. Caecamise and Whitman 2” review a 
large number of Japanese cases, of which 39 appear to fall into the “young female’ group 


was heard was the continuous murmur described by others who have reported this 
syndrome. The Table summarizes these and other cases of this interesting syndrome 
Not included is the case of a 53-year-old white man with involvement of all branches 
of the arch '*; syphilis, periarteritis, and arteriosclerosis were apparently excluded 
and arteritis of some other form seemed likely. 
Selow is abstracted the clinical history of a patient who may fall into. the 
“young female” group. 
E. F. was admitted to the hospital at the age of 25, complaining of dizzy spells and fainting 


She stated pulse and blood pressure had always been difficult to obtain in the arms. For a time 


after her first pregnancy, at age 22, she had had severe pain in the left side of her neck 
posteriorly, radiating to the occiput. During the labor of her second delivery, at age 25, she 
again had this pain in the neck. After delivery, under ether anesthesia, she is said to have gone 
into shock, in which state she remained five or six days, during which time unrevealing lapa- 
rotomy for suspected ruptured uterus was performed. She was considered on discharge from 
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the hospital to be well, but three weeks after delivery she began to have pain in the right side 
if the neck and occiput identical to that on the left. About four weeks after delivery there was 
mset of dizziness and faintness with assumption of the upright position, with occasional briet 
periods of unconsciousness. 

Examination revealed that in both carotid arteries and the right radial artery pulsations 
ould not be felt; the left radial pulse was weak and inconsistent. Above the left clavicle a 
to-and-fro systolic-diastolic murmur was heard, loudest with the patient upright. This was 
audible below the clavicle as far as the pulmonic area but was faint there. Over the lower part 
f the left carotid a systolic thrill was palpable. Blood pressure could not be obtained in the 
right arm, was 120/90 in the left arm, and was 150 (systolic) by palpation in the legs, where 
pulses were normal. There were no definite abnormalities on chest x-ray except for possible 
lilatation of the pulmonary artery. Angiocardiograms likewise revealed this last finding together 
with several abnormal features in the aorta: Only one branch of the arch was visualized, and 
beyond it the aorta immediately narrowed so that the descending aorta was distinctly small 
High on the descending aorta there was a slight outpouching which from its contour and location 
suggested the infundibulum of the ductus arteriosus. During cardiac catheterization ventricular 
fibrillation developed. Her dramatic recovery following 45 minutes of artificially maintained 
irculation is described elsewhere.2%* Most recent information (February 1952) from the patient 


s that she is essentially asymptomatic 


Although this patient was at first thought to have patent ductus arteriosus with 


congenital atresia of some of the arch branches, the striking similarity to reported 
instances of the “young female” variety of aortic arch syndrome makes the latter 
diagnosis appear more tenable. 

In another young woman (J. [1 ng 5), 27 vears old, aching and easy 
fatiguing of the left arm developed after an acute illness of one month’s duration, 
termed “rheumatic attack’’ by her and characterized by fever, polyarthritis, and 
myalgia. Two years later she was found to have no pulses and unobtainable blood 
pressure in the left arm. Aortograms showed occlusion of the left subclavian artery 
it its origin from the arch. Radio-opaque dye introduced retrograde into the left 
brachial artery passed back no farther than its junction with the axillary artery 
Detailed studies revealed no cause for this vascular occlusion, but the nature of the 
ilIness that preceded the onset of symptoms suggests that some variety of arteritis 
may have been the cause. 

In yet another recent case (607527), a 41-year-old white woman complained 
of attacks of shooting pain in the left side of the face accompanied by swelling of 
the left side of the neck. The left radial pulse was absent. Although the left carotid 
pulse appeared to be normal, it seems plausible that nonsyphilitic arteritis is the 
cause of this patient's symptoms. 

The thrombosing arteritis responsible for this clinical syndrome in young women 
has been thought by Maspetiol and Taptas '** to be a “disease of adaptation’’ as 
deseribed by Selye. It has resemblances to, yet distinet differences from, periarte 
ritis nodosa. Histologically the cases have shown giant-cell inflammation.2* No 
acid-fast bacilli have been identified. Positive tuberculin tests occurred in all of 
12 cases tested, leucocytosis in 6 out of 10 cases, and rapid sedimentation in 18 out 
of 20 cases. 

i 
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Embolism.—lIt is well recognized that large emboli may be thrown off from 
aortic plaques or from the left ventricle or left atrium or their valves or may pass 
through an intercameral septal defect to the systemic circulation. It seems highly 
probable, though less well substantiated, that systemic emboli may arise in the 
pulmonary veins following pulmonary infarction, suppurative lung disease, and 
other pulmonary conditions associated with pulmonary phlebothrombosis. The 


following case appears to be an example of this last source for systemic emboli. 


P. TT. (J. H. H. 465364) was a white man who died at age 45. He had been of dissolute and 
sluggardly character most of his life and drank large amounts of alcoholic beverages quite 
steadily over a period of many years. Four months before death he suddenly “passed out” and on 
regaining consciousness he discovered he was paralyzed in all four extremities. He rapidly 
recovered use of his left arm and leg but right hemiplegia and aphasia persisted. He entered 
the hospital because of dyspnea and fever. By physical examination and x-ray he was found t 
have involvement of the right lung base. He died soon after admission. Serological tests for 
syphilis were negative. 

Necropsy revealed findings which permitted the following reconstruction of events: There 
were septic organizing thrombi in the right iliac vein, right auricular appendage, and right 
ventricle, with multiple emboli to the lung, some of which had resulted in abscess formation 
The left common carotid artery was completely occluded at its ostium by organized thrombus 
Che endothelium had largely covered the area so that only a dimple remained on the intima 
surface. The aorta and its other main branches showed no unusual degree of atheromatosis and 
no evidence of syphilitic involvement. There was therefore reason to presume that the occlusior 
of the carotid was due to embolism. There was no discernible source of emboli in the left auricle 
or ventricle; the pulmonary veins were, in our opinion, the most likely source. The routine 
postmortem techniques are likely to overlook clots in this site 


In at least one of the cases of Penzoldt °* embolism was probably the basis for 
occlusion of the right common carotid artery, which arose separately from the aorta 


as in arch Type 5 (see above). In Hutchinson’s case,'*’ discussed under neuro 


genic pulse changes, there may have been embolism of the left carotid artery similar 


to that occurring in the above patient (1. T.). 

In Hatfner’s case '** the emboli which occluded the left common carotid artery 
at its origin from the arch as well as the right brachial and left axillary arteries 
had their origin in the left atrium in a case of mitral stenosis. Hogerstedt and 
Nemser '*' presented those cases in which they believed embolism to have been the 
basis for occlusion of great vessels at the aortic arch; this may have been true 
in some of the cases although in some syphilis seems to be a likely cause. The case 
of a weak pulse in the right common carotid reported by Smith and Hinshaw *' 
occurred in a patient with chronic auricular fibrillation and may have represented 
embolism. 

Extravascular Upper Medtastinal Tumor.—Pulse change due to nonvascular 
tumors of the upper mediastinum must be exceedingly uncommon. In a review of 
200 miscellaneous types of mediastinal tumors at this hospital we could find no 
instances of pulse changes due to tumors other than aneurysm. That such should 
a 

125. Hutchinson, J.: Obliteration of the Left Carotid with Right Hemiplegia, Arch. Surg 
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be the case is easy to understand if one recalls that by and large even in the case of 
aneurysms the pulse changes are a function, not of their space-occupying character 
istics, but rather of associated aortitis or thrombus formation. 

sy this method for simultaneous recording of pulses from corresponding arteries 
of the two arms, Oda * demonstrated minor degrees of pulsus differens in cases 
of mediastinal tumor. Although we have been unable to locate the original publica 
tion, ehrmann is said by Pilz °° to have observed pulse changes with substernal 
thyroid. Ekgren '** described difference in blood pressure between the two arms 
in a case of “movable mediastinal tumor.’ The difference was more marked with 


the patient in the recumbent position. 


ALLIED CONDITIONS IMPORTANT IN) DIFFERENTIAL DIAGNOSIS 
OF THE AORTIC ARCH SYNDROMI 


Included in the aortic arch syndrome are only those cases in which the cause ot 
the vascular obstruction is at or near the origin of the great vessels from the aortic 
arch. It is often difficult to ascertain the exact location of the lesion in the living 
patient. Consequently, many other causes of diminished or absent pulsation in the 
head or neck must be considered. Trauma to the great vessels in the neck or axilla 
may lead to thrombosis.'** An unusual example of this was observed at this hospital 
in a 27-year-old baseball plaver (J. H. H. 391745) who noted undue tiredness in his 
right arm after pitching a game of baseball and was found to have thrombosis of 
the axillary artery. Thromboangiitis obliterans involves the distal vessel of the 
upper extremity as well as the lower, resulting in absent pulsation. Severe arterio 
sclerosis of the peripheral vessels may render the pulses impalpable. Aortic stenosis 
is occasionally so extreme as to render the patient pulseless. Anomalous arterial 
patterns in the arms must be considered when peripheral pulses appear to be feeble 
or absent. 

Thoracic Outlet Syndrome.—TVhe thoracic outlet syndrome with or without 
cervical rib must be considered in the differential diagnosis of the aortic arch syn 
drome. This subject has been adequately reviewed by I:den '*° and more recently 
by Beyer and Wright.'“' In these cases the arterial wall may be damaged at the 
point of compression in the thoracic outlet. Aneurysmal dilatation often develops 
distal to the constriction. Thrombosis of the vessel may occur, with peripheral 
extension or peripheral embolization. Absence of pulse in the involved arm does 
not, however, necessarily indicate thrombosis. In this group of cases pain and 
trophic changes in the arm are much more prominent than in the case of occlusion 
at the arch. In Eden's review '“° of 45 cases no retrograde extension of thrombosis 
to the aorta was recorded. 


The following case, though complicated in many respects, illustrates many of 


the problems encountered in dealing with thoracic outlet cases. 
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T. T. F. (J. H. H. 201113), a 67-year-old retired white carpenter, was admitted May 17, 
1940, complaining of weakness, numbness, and coldness of the left hand, which had developed 
gradually during the 10 years prior to admission, During the five years before admission he had 
suffered from frequent infections of the left hand, necessitating amputation of one finger. The 
radial pulse was much stronger in the right arm. The left arm was colder than the right. There 
vas a palpable mass in the left supraclavicular fossa. The serological test for syphilis was 
repeatedly positive in low titer. At operation a subclavicular lipoma was removed, a taut scalenus 
anticus muscle divided, and the axillary artery explored. The axillary artery had no visible 
pulsation before or after division of the scalenus muscle. No cervical rib was discovered. Post- 
yperative blood pressures were 175/80 (right arm) and 105/70 (left arm). 

rhe patient was readmitted two years later (Nov. 25, 1942) because of frequent finger infec 
tions on the left hand. Blood pressure was 170/90 mm. Hg in the right arm and 120/90 mm. He 
in the left. The terminal phalanges of the left fourth and fifth fingers were blue and cold, and the 
left second finger was gangrenous. The left carotid, subclavian, brachial, axillary, and radial 
pulses were barely palpable and were much weaker than on the right. Laboratory examination 
revealed a positive serological test for syphilis. Other routine studies were normal. X-ray oi 
the chest showed the heart to be slightly enlarged, and the aorta slightly dilated and tortuous 
No cervical rib was seen 

The left neck was explored a second time and no pulsation could be felt in the left subclavian 
w axillary arteries. The left carotid was described as having “scarcely perceptible pulsation.” 
Che operator palpated the subclavian and innominate arteries behind the sternoclavicular joint 
and felt no pulsation. Four days later a left dorsal sympathectomy was performed, and_ the 
patient was discharged essentially unchanged Dec. 29, 1942. 

It was later learned that right hemiplegia developed, and the patient died on March 7, 1943 


\utopsy was not performed, 


In retrospect it seems possible that this case was one of syphilitic aortitis 
without aneurysm, with narrowing of the ostia of the left carotid and subclavian 
arteries. The hemiplegia may have represented thrombosis or complete occlusion 
of the left carotid artery. Compression at the thoracic outlet, with irreversable 
changes in the vessels of the extremity and retrograde thrombosis to the aortic arch, 
must also be seriously considered. Symonds! described two somewhat similar 
cases, in which a right cervical rib apparently precipitated a thrombotic process in 
the subclavian artery, when extended in a retrograde fashion to the innominate 
artery, where emboli were liberated into the carotid artery. The symptoms refer 
able to inadequate circulation in the left arm are, as previously mentioned, more 
in keeping with the thoracic outlet syndrome than with syphilitic aortitis and occlu 
sion. It is possible that this represents a combination of two diseases. 

Neurogenic Pulse Changes.—Occasionally one may observe marked reduction 
in the pulses in the arm and leg involved by hemiplegia secondary to cerebrovasculat 
accident (according to Oda,*™ differences in the radial pulse following hemiplegia 
were first observed by Torain in 1870). In rare instances complete obliteration of 
pulses may occur, as described below. This vasomotor phenomenon is most often 


the result of damage to the premotor frontal cortex and can be reproduced in ani 


mals by appropriate ablation,'*? and in man by stimulation of the cerebral cortex.'** 


LT 
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Lesions in the thalamus have been observed to produce this phenomenon.**” The 
lesion in man may be vascular in type '** or, less commonly, tumor '“*; one instance 
due to carbon monoxide poisoning has been reported.'*° The vascular phenomenon 
may be greatly out of proportion to motor weakness. The pulse alteration may be 


6 


transitory '*** or may persist over a period of many years.'** The vasoconstriction 


138 


may lead to gangrene of the foot '*’ on the affected side. Van Balen '** described 
several cases of anisosphygmia due to cerebral vascular accidents and observed 
that the blood pressure was usually higher in the involved arm immediately after 
the occlusion, falling to a level below that in the normal arm in cases in which the 
vascular accident was remote. He suggested that this observation might be more 
apparent than real, being due largely to spasticity and flaccidity of the arterial wall 
musculature and surrounding structures. Results of investigation of this problem 
using modern techniques for studying the peripheral circulation would be of interest 


Hutchinson’s case !*° 


of decreased pulses in hemiplegic limbs, though not recog 
nized at the time, is cited as an example of neurogenic pulse change. This patient, 
a fox-hunter of 46 years, was found unconscious one morning on the hearth rug 
He was for a time aphasic with a right hemiplegia but recovered except for residual 
weakness of the right arm and leg. When examined by the author four years after 
the “fit,” the pulses in the left common carotid, right femoral, and right brachial 
arteries were absent. Hutchinson postulated that the hemiplegia was secondary 
to sudden occlusion of the left common carotid artery and made the following 
sage comment: 

Such cases as this suggest that it might be of interest and advantage to examine the arterial 
system more often and more systematically than is usually done. This patient had been attended 
after his fit by a distinguished specialist, but unfortunately the finger had never been put on his 
carotid, or the cause of the hemiplegia would have been at once obvious 


As to the etiology of the carotid obstruction Hutchinson makes no comment, 
but he did note that the patient had evidence of iliac vein obstruction on the right, 
with dilated and tortuous epigastric veins. It 1s possible that an embolus originating 
in these veins passed to the carotid artery through a patent foramen ovale or initi 
ated a pulmonary venous thrombosis similar to that postulated in the case of P. T 
(p. 732). It seems most likely that the decrease in pulse in the right arm and leg 
was secondary to hemiplegia. An alternate explanation for the carotid occlusion 
is syphilitic aortitis, since Hutchinson believed the patient had had syphilis previ 


ously. 


ce 
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The case reported by Kerr and Underwood '** is exceedingly interesting. 
Right hemiplegia with aphasia developed at the age of 23 years in this white man. 
The nature of the presumed left cerebral hemisphere lesion was never elucidated. 
Speech returned, but there was onset of epileptic seizures. From the age of 33 until 
the present (age 51) the patient has been under the observation of Dr. Kerr. 
Throughout this period pulsation has been greatly reduced or absent in all 
arteries on the right side of the body. There has been persistent severe hyperten- 
sion on the left. In this connection it 1s interesting to note that intravenous pyelo- 
grams revealed a small right kidney as compared with the left. Studies to demon- 
strate a spastic element in this man’s condition failed, and it has been assumed that 
structural changes have occurred secondary to the prolonged spastic constriction 
of the arteries on the right side. The patient is still living (December, 1951) ; 
amputation of the right leg for gangrene has been necessary.'** Another patient in 
whom marked anisosphygmia followed a cerebral vascular accident was reported 
by Pilcher and co-workers.'*’ 

At this hospital two patients with superannuated hemiplegia and neurogenic 
pulse changes have come to our attention. 

One man (J. H. H. 211339), who had suffered a right-sided paralysis at the age of 36 years, 
was found 13 years later to have minimal residual stiffness and weakness in the right arm and 


leg; the right arm pulses were very weak, with blood pressures of 65/58 (right arm) and 130/7: 
(left arm). 

A second patient (J. H. H. 130600) had severe hypertension which was believed to be the 
result of periarteritis because of the presence of eosinophilia, leucocytosis, and otherwise unex 
plained recurrent abdominal pain. The patient was observed over a period of four years. During 
that time a cerebrovascular accident with left hemiplegia occurred. Thereafter it was observed 
repeatedly that pulse and blood pressure could not be detected in the left arm. 

Embolus Remote From the Aortic Arch.—\mbolism to main arteries of the 
upper extremities should not be confused with any form of the aortic arch syndrome. 
A history of abrupt onset of pain in the embolized extremity should be obtainable 
and the patient is likely to have evidence of circulatory embarrassment in the arm, 


symptoms which are notably absent in the aortic arch syndrome. When there is a 


plausible central source for the emboli, such as a fibrillating left auricle or myocar- 


dial infarct, the diagnosis is practically certain. 
In two instructive cases at this hospital pulse changes which were interpreted 
as due to changes in the aorta were demonstrated to have resulted from embolism. 


A 54-year-old white woman (J. H. H. 135074) was admitted in congestive heart failure due, 
it seemed, to hypertension. Pulse and blood pressure were unobtainable in the left arm. Autopsy 
revealed an organized and recanalized thrombus in the proximal portion of the left brachial artery 
There was a healed myocardial infarct of the apex of the left ventricle, with an organizing mural 
thrombus and evidence of embolism of small coronary artery branches. An episode two years 
before death had the characteristics of acute infarction, yet at the time of the terminal admission 
six sets of electrocardiograms (with only one chest lead) showed no definite evidence of the 
myocardial infarct. It is significant that one observer had reported that a “slight pulsation” was 
palpable high in the left axilla 

Ten days after an operation on the lumbar spine the other patient (J. H. H. 402371), a 
64-year-old Negro man, had excruciating abdominal pain, pulselessness and pain in the left arm, 
<ietdialaliiihitaitnt 
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and hematuria followed by oliguria. Blood pressure was unobtainable in the left arm, but pulses 
could be felt in the left subclavian and axillary arteries. The left femoral pulse was weak. Thx 
most likely diagnosis was considered to be dissecting aneurysm of the aorta with dissection 
of the left arm arteries and occlusion at a distance from the arch by the mechanism described 
earlier. The patient had varicose veins of the legs, with hard palpable thrombi, and the 
existence of paradoxical emboli was considered but thought less likely than dissecting aneurysm 
Autopsy revealed intarction of the bowel supplied by the superior mesenteric artery ; multiple 
pulmonary emboli, and emboli to the coronary, left brachial, and left femoral arteries. The 
foramen ovale was open partly as the result of distention of the right auricle. In retrospect 
all the circumstances of the case pointed to the correct diagnosis of paradoxical embolism from 
the leg veins. In such cases weight should be placed on the signs of pulmonary emboli, since the 
elevation of pulmonary artery pressure so produced is a leading factor responsible for passage 


of emboli through the foramen ovale. 


DIAGNOSTIC WORK-UP 

The diagnostic evaluation of patients with the aortic arch syndrome is worthy 
of special consideration. The history should be taken with particular attention to 
possible history of syphilis, chest trauma, heart disease, chest pain, and symptoms 
of arterial insufficiency. The physical examination should include a complete exam 
ination of the pulse. By this we mean careful palpation for the pulse at several 
levels in the involved limb to determine, if possible, the level of the occlusion. 
\nomalous distribution of vessels in the extremity should be excluded by the 
examination. The pulse should also be felt during the usual maneuvers designed to 
detect thoracic outlet compression. The blood pressure should be determined in 
the arms and legs. The Gaertner method, described previously, may be useful in 
this regard. In addition to auscultation of the heart, the examiner should direct 
his attention to the supraclavicular fossae, the axillae, and the neck. An expert 
examination of the eyes and nose should be made for trophic changes so commonly 
seen in these organs when the carotid circulation is impaired. In addition to the 
routine serological tests for syphilis, the treponemal immobilization test '*° should 
he performed to detect seronegative syphilis. Blood coagulation studies and a 
platelet count are indicated by the suggestion that thrombocytosis may play a role 
in some cases. The serum cholestrol level should be determined to detect hyper 
cholesterolemia, a potentially treatable condition 

Chest x-ray and fluoroscopy may reveal diagnostic changes in the aorta or 
vreat vessels. Aortograms are often necessary to localize the occlusive disease. 
The opaque medium may be injected into the aorta through one of the branches 
of the arch or it may be introduced via a catheter passed in a retrograde fashion 
irom the femoral artery into the aortic arch. This procedure is usually more 
satistactory than angiocardiography, as a larger concentration of dye can be intro 
duced imto the aorta. Retrograde injection of the pulseless vessel with opaque 


medium is useful in determining the peripheral extent of the occlusive process. 


Biopsy of skin, muscle, and lymph nodes may give useful information if the ocelu 


sions are secondary to some generalized disease. The most direct procedure is 
that of biopsy of the involved artery, when it is completely occluded. Unfortu 
nately, microscopic examination of the involved artery is not always helpful, as 
the removed segment often shows only thrombus and secondary changes in the 


vessel wall. 
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TREATMENT 

Treatment should quite naturally be directed at the etiological process, when 
possible. Antisyphilitic therapy has restored pulses in three cases of syphilitic 
aortitis..“” Although the pulse abnormality of dissecting aneurysm was frequently 
observed to disappear when the intramural hematoma was absorbed and although 
it is believed that the progress of atheromatosis was stayed by a low-fat diet in a 
few patients, no patient in this study other than those with syphilitic aortitis showed 
reversibility of their disease. The improvement in the syphilitic patients would 
suggest the presence of significant edema as a factor in the occluding process. Relief 
of angina by treatment of patients with syphilitic aortitis and involvement of the 
coronary ostia is a familiar and analogous situation.’*' If the process is medically 
irreversible, surgical therapy may be possible. Dr. Gordon Murray,'** of Toronto, 
operated on one of the patients (A. L. Case 6, p. 714) reported in this series. This 


patient had syphilitic aortitis with obliteration of all four great vessels. The left 


common carotid artery was opened and was found to have a patent though con 
tracted Jumen. A probe was passed down through the vessel until firm resistance 
was encountered at the place where the vessel arose from the aorta. The probe 
was passed into the aortic lumen, and a free flow of blood returned into the carotid 
The opening was enlarged by further instrumentation until a very good pulsatile 
flow came into the carotid. The carotid artery was closed and good pulsation was 
felt in the vessel above the operative site. It seems likely that similar operations 
might be employed in other patients in whom the vascular lumen is open distal to 
the obstruction. In essence, this procedure is a thromboendarterectomy, which 
has been practiced with success in other areas of the body, including the bifurcation 
of the common carotid artery.** Dr. Murray suggested another alternative procedure. 
applicable for those patients in whom the subclavian arteries are not occluded. A 
functioning subclavian artery could be anastomosed to a patent but bloodless carotid 
artery distal to the obstruction. These procedures, directed at restoration of the 
carotid circulation, are certainly worth while, as most of the symptoms and irreversi- 
ble changes are in the head. 

In the treatment of thrombosis of the internal carotid artery procedures that 
have been tried include removal of a segment of the involved artery, periarterial 
sympathectomy, and cervical ganglion sympathectomy.'** The results have not been 
impressive. From the experience of Roseman and co-workers *! there is reason t 
believe that excision of the carotid bifurcation might be curative of the symptoms 
due to sensitive carotid sinus in combination with the aortic arch syndrome. 

In view of the rapid advances which are continually being made in vascular 
surgery it seems entirely within the realm of possibility that reconstructive surgery 
of the aortic arch will become possible. Grafting of the bifurcation of the aorta 

stillet 
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has already been successfully performed by Oudot ‘** and others in Leriche’s syn- 


drome of thrombotic occlusion at that site. Replacement of the entire aortic arch 
in dogs by means of homologous grafts is under active study.'*° 

In one of our patients with probable complete occlusion of all the nzajor branches 
of the aortic arch by syphilitic aortitis, Dr. Henry T. Bahnson has recently graftea 
a lyophilized infant’s aorta between the arch and the patent portion of the common 
carotid artery. The patient’s dizziness, tinnitus, and convulsions have been relieved, 
although the period of follow-up is too short for complete evaluation of results. 

\therosclerosis is probably not amenable to therapy in the late stages. If asso 
ciated with hypercholesterolemia, a low-fat low-cholesterol diet is indicated.'*® 
There is promise that other methods of slowing the advance of atheromatosis will 
be developed in the near future. At present little more than supportive care can be 
suggested for the chronic dissected aorta. The treatment of arteritis is difficult, in 


that the etiology remains obscure. 


SUMMARY AND CONCLUSIONS 


Clinicians have long been perplexed by occasional instances of the aortic arch 
syndrome, 1.e., cases with obstruction of the great vessels at or near their origin 
from the aortic arch. An attempt has been made to assemble an etiological classifica 
tion which would assist in diagnosis and treatment of the individual case 

The classification and discussion presented here are based on a review of over LOO 
cases, of which 35 are previously unreported 

Syphilitic aortitis is undoubtedly the most common cause of this syndrome. The 
presence of aneurysm is by no means essential. In fact, saccular aneurysm was 
present in less than half of the cases with great vessel obstruction due to syphilis 
of the aorta. In all cases of syphilitic origin, with and without aneurysm, intimal 
proliferation and cicatrization represent by far the most common mechanisms of 
obstruction. In only 3 of 44 cases, for instance, was antemortem thrombus (a 
phenomenon seen only in saccular aneurysm) responsible for the occlusion. Sec 
ondary atheromatosis of the syphilitic aorta is undoubtedly an important contrib 
uting factor in great vessel obstruction. 

Atheromatosis is surprisingly uncommon as a primary cause but may contribute 
in the traumatic and congenital cases, as it almost certainly does in those of syphilitic 
aortitis. 

We have suggestive evidence that trauma of certain special types may lead to 
occlusion of the large arch branches, perhaps after a considerable delay. The factor 
of trauma is worthy of further consideration in the future. 

Of the five main varieties of aortic arch branching, the less common patterns 
were encountered at autopsy with unexpected frequency in cases of the aortic arch 
syndrome. Congenital types of pulse abnormalities in the upper part of the body 
are reviewed. 
enna 
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\ttention is drawn to the unsolved and confused problem of arteritis of the 
larger vessels. In most cases of involvement of the aorta and its large arch branches, 
it is uncertain whether the process represents Buerger’s disease, periarteritis nodosa, 
“giant cell arteritis,” or some other disorder. 


The clinical manifestations result almost exclusively from the impediment to 


carotid artery blood flow (interference with vertebral blood flow by obstruction of 
the subclavian arteries is doubtless an additional factor of importance in some 
cases). Whereas cerebral, eye, ear, and face changes are outstanding features of 
the clinical picture in some cases, symptoms referable to the arms are conspicuous 
by their absence. 

Therapy can be directed at the etiological factor, in the case of syphilis at least, 
and striking benefit has been observed in two patients. Surgical approaches to the 
treatment of all varieties of the aortic arch syndrome should be explored further. 
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Hk STOMACH is not often cited as the location of sarcoid and sarcoid-like 

granulomas, nor can a specific clinical syndrome be attributed to involvement 
of the gastric mucosa by such lesions. Symptoms and clinical findings, occasionally 
of serious import, have been reported, however, in association with the finding of 
noncaseating granulomatous lesions in the stomach. The subject, therefore, seems 
worthy of review. 

The histologic diagnosis of sarcoid is sometimes difficult, even with carefully 
prepared biopsy material. Engle,’ in an article concerned chiefly with the pathology 
of these granulomas, found the stomach to be involved in 3 of the 27 autopsies he 
reviewed. One of the patients was a 54-year-old white man who died of hemorrhage 
from a duodenal ulcer after a protracted illness characterized by a gradual downhill 
course. Sarcoid-like granulomas were found in the gastric mucosa, and these were 
later proved to be due to Histoplasma capsulatum. Because of the active peptic 
ulceration, it was difficult to determine the role of these foci in the production of the 
patient’s symptoms of nausea, vomiting, epigastric distress, and hemorrhage. 
Another of his cases was of a 27-year-old white man who died of “undiagnosed 
generalized granuloma.” The tuberculin skin test was negative; the serum pro 
teins were normal. Caseation was noted in some of the granulomatous foci found 
elsewhere in the body but not in those involving the gastric mucosa. Acid-fast 
organisms could not be demonstrated in either of these cases, but [engle’s third 
patient died of pulmonary tuberculosis. Necrosis was demonstrated in all of the 
lesions found elsewhere in this patient, but those in the gastric mucosa were singu- 
larly free of such abnormality. The serum proteins were normal. In none of these 
cases were there any gastrointestinal symptoms which could directly be attributed 
to the invasion of the gastric mucosa by the sarcoid-like granulomatous lesions. 


Vr 
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Schaumann,’ at an autopsy in 1936, made the incidental observation of epitheli- 
oid foci without necrosis in the mucosa of an atrophic thin-walled stomach. The 
patient had complained only of vague abdominal pain and had had widely dissemi- 
nated sarcoidosis. Tuberculous peritonitis was demonstrated batteriologically after 
death, which casts some doubt on the exact nature of the gastric lesions. Mesen- 
teric lymph nodes showed typical caseous tuberculosis, but the lesions in the gastric 
mucosa were without necrosis. 

Also in 1936 Naumann * reported the case of a 3-month-old infant who died 
of generalized sarcoidosis. Autopsy revealed “nodules in the stomach wall’? which 
upon examination of microscopic sections were believed to be sarcoid. No gastro- 
intestinal symptoms were recorded, The tuberculin skin test and Wassermann 
reaction were negative. 

In the case reported by Kulka* in 1950, of a 26-year-old woman who died 
suddenly of what appeared to be sarcoid involvement of the heart, lesions interpreted 
as sarcoid were noted in the gastric mucosa. No symptoms referable to the gastro- 
intestinal tract were mentioned. 

Jessing ® in 1943 reported the case of a 61-year-old white woman subjected to 
gastrectomy because of gastric ulcer. Lesions reported as sarcoid were discovered 
in the mucosa and submucosa of the resected organ. The ulcer was benign. Sar- 
coid foci were found nowhere else in the patient, and she was free of tuberculosis. 
Subsequently, Oppenheim and Pollack,® Longcope and Freiman,’ and Guibert * 
each reported similar cases in which the stomachs of their patients, removed because 
of gastric ulcer, were found to contain lesions interpreted as sarcoid. 

Gore and MeCarthy * in 1944 reported the case of a 26-year-old soldier operated 
upon because of pyloric stenosis. Peptic ulcer, neoplasm, and gastric syphilis were 
all considered preoperatively as possible diagnoses. Serological tests were positive 
but had become so after the onset of gastrointestinal symptoms. The gastric juice 
contained no free hydrochloric acid following histamine stimulation. Microscopic 
section of the resected organ revealed foci thought to be typical of sarcoid. The 
granulomatous lesions had accumulated at the gastric outlet so densely as to inter- 
fere with its function. Some fibrosis, not an uncommon late addition to the sarcoid 
lesion, was noted in the muscularis propria. A superficial benign ulcer was noted 
in the region of the pylorus but was considered to be without significance in the 


production of the stenosis. Acid-fast organisms could be demonstrated nowhere 
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in the sections ; the patient’s tuberculin skin test was negative. The authors recalled 
one other case similar to theirs, presented by Dr. Fred Stewart at a conference of 
the New York Laboratory Association but never reported in the literature. 

In the same year, Orie, van Rijssel, and van der Zwaag '° reported an almost 
identical lesion in a 53-year-old white woman. The tuberculin skin test was nega- 
tive, and the gastric analysis showed absence of free hydrochloric acid. Gastroscopy 
revealed a mucous membrane which appeared thickened and glassy. The antrum 
was rigid, no contractions could be seen, and the opening into the duodenum was 


small. They mentioned a surgical specimen found in the pathology museum of their 


hospital which must have been responsible for a nearly parallel clinical course. 
Unfortunately no details were available. 

\ppell, Pritzker, and Klotz‘! later documented a fifth case of pyloric stenosis 
presumably due to sarcoid. Their patient was a 48-year-old woman without evidence 
of sarcoid elsewhere. Free hydrochloric acid could not be demonstrated in the gas- 
tric secretions. There was no evidence of infection with acid-fast organisms. 

The case of Moran's patient, subjected to laparotomy because of possible 
gastric neoplasm, must be viewed with suspicion, Although the condition was 
reported as sarcoid of the stomach, no biopsy of the stomach itself was made, because 
exploration had revealed only generalized mural thickening and inflammation. 
Neighboring lymph nodes were found to contain granulomatous foci interpreted 
as sarcoid, and it was assumed that the stomach also contained such lesions. 

Sauer ** in 1951 reported the case of a 59-year-old woman for whom the pre 
operative impression of gastric carcinoma was confirmed upon microscopic study 
of the resected organ. However, granulomatous lesions interpreted as sarcoid were 
found among the neoplastic cells and also in areas of gastric mucosa free of malig- 
nant tissue. There was achlorhydria. The tuberculin skin test was negative, and 
the serologic test for syphilis was negative. Symptoms were those of the gastric 
neoplasm—nausea, epigastric pain, excessive gas, and severe weight loss. 

Recently, McKusick '* reported two patients presenting still different clinical 
manifestations of sarcoid or sarcoid-like granulomas of the gastric mucosa. The 
first, a 48-year-old woman, had complained of anorexia, vomiting, and weight loss. 
X-ray examination of the stomach suggested linitis plastica. The other, a 41-year- 
old woman, had had recurring episodes of gastrointestinal hemorrhage of unde- 
termined origin. Gastrectomy was carried out in both cases, and microscopic exami- 
nation of the resected specimens revealed mucosal lesions interpreted as sarcoid. 
Superficial mucosal ulcerations were noted in both. Tuberculosis could be demon- 
strated in neither, and the tuberculin skin tests were negative. With the exception 
of a few perigastric nodes in the first patient, there was no evidence of sarcoid 
elsewhere. 
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Interest in this subject was stimulated by two patients recently studied at this 
hospital. Altogether, gastric biopsies, using the vacum tube technique,'® have been 
taken from 17 patients in whom sarcoid foci had been demonstrated in other organs. 
In only one of these (Case 1) were the granulomatous foci found. The vacum tube 


technique failed to demonstrate such lesions in Case 2, in which the diagnosis was 
made on a biopsy specimen taken during surgical exploration and had been unsus- 
pected prior to operation. 

REPORT OF CASES 


Case 1.—A 20-year-old Negro airman was born and lived most of his life in an urban area of 
northeastern United States. He had had no known contact with tuberculosis. In January 1951, 
following an episode of apparently simple conjunctivitis treated with penicillin locally, there was 
onset of progressive painless enlargement of the lacrimal glands of both upper eyelids. In addition 
the patient complained of malaise, slight decrease of visual acuity, and loss of about 20 Ib. (9 kg.). 
A biopsy of the lacrimal glands revealed epithelioid foci interpreted as being “compatible with 
Boeck’s sarcoid.” The patient was therefore transferred to this hospital for further evaluation 
and treatment, in November 1951. At some time during this period there was onset of vague 
intermittent generalized abdominal discomfort and tenderness. This assumed no fixed pattern. 
There was no nausea, vomiting, or change in bowel habits. 

Physical examination revealed no significant abnormalities other than a slight abdominal 
tenderness and obviously enlarged, slightly ptotic upper eyelids, which on palpation had a nodular 
consistency. Complete blood count, urinalysis, sedimentation rate, and chest x-ray were normal. 
The serologic studies showed no abnormalities. The serum calcium was 10.3 mg. per 100 ml. 
inorganic phosphorus 4.1 and 3.1 mg. per 100 ml., and alkaline phosphatase 6.6 and 2.7 units. 
Several estimations of the total protein and of the albumin: globulin ratio were carried out, and 
all were within normal limits. Electrophoretic study of the serum proteins revealed no hyper- 
globulinemia. A gastric analysis showed low total acid and only 4 units of free hydrochloric acid 
in ome specimen following histamine stimulation. Numerous gastric washings were negative for 
acid-fast bacilli on culture. A gastrointestinal x-ray series was made, and, because of reported 
mucosal changes suggestive of polyposis, a gastroscopy was performed. In this examination the 
mucosa appeared grossly normal, but a biopsy of the gastric mucosa taken by the vacuum tube 
method revealed many foci of noncaseating granulomatous lesions (Figs. 1 and 2). These con- 
tained epithelioid and giant cells of the foreign-body type, which were surrounded by fibrous 
tissue containing numerous lymphocytes and plasma cells. X-ray survey of the skeleton revealed 
no bone lesions. 

Hospital Course —A tuberculin skin test, first strength, was positive. The patient continued 
to complain of vague abdominal discomfort, and at the same time the lacrimal glands of the 
upper eyelids continued to enlarge. On the basis of the histologic picture sarcoid was considered 
the most likely diagnosis, despite the paucity of other manifestations of the disease. Because 
of the danger of uveal tract involvement, treatment was begun with calciferol. Before the 
proposed course of therapy could be completed, however, toxic symptoms developed, chiefly of 
the gastrointestinal system, necessitating discontinuance of that drug. No benefit could be noted 
from its use. 

The patient was therefore treated with corticotropin (ACTH), receiving a total 165 mg. 
intravenously over a 10-day period. Because of the positive tuberculin reaction, the unsavory 
reputation of corticotropin with regard to tuberculosis,'® and the unsettled role of tuberculosis 
in the etiology of sarcoid, the patient was given streptomycin and p-aminosalicylic acid con- 
currently with and for two weeks after treatment with corticotropin. Satisfactory adrenotrophic 
response was reflected in a sharp fall in the circulating eosinophiles. Following this course of 
therapy there was slight softening and decrease in the size of the lacrimal glands. Rebiopsy of 
the stomach mucosa, however, revealed no change in the previously described granulomatous 
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Fig. 2 (Case 1).—High power magnification of a part of Figure 1, showing detail of the giant 
cells; « 660. 
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lesions. The patient was returned to duty. When he was examined 10 months later, there was 
no further enlargement of the lacrimal glands nor was there change in the histologic appearance 
of the gastric mucosal lesions. The tuberculin skin tests were repeated and had become negative 
in the second strength. The gastrointestinal symptoms were unchanged. 

Case 2.-—A 25-year-old white soldier had served in the South Pacific and Europe during his 
He had had no known contact with tuberculosis, nor had he had 


seven years of military service 
He was well until October 1951, when there was onset of 


any significant illnesses in the past 
gradually progressive anorexia, weakness, and bloody diarrhea, followed by left upper quadrant 


pain, nausea, and vomiting. There were several episodes of hematemesis. Upon admission to 


the local hospital, examination was negative save for slight left upper quadrant tenderness and 
anemia. Gastrointestinal studies and barium enema showed no abnormalities. Treatment with 
bland diet and iron brought about relief of the patient’s symptoms and correction of the anemia 


Fig. 3 (Case 2).—Low power view of gastric mucosa, showing single granulomatous focus ; 


x 110. 


He was returned to duty. He felt well until October 1952, when his symptoms recurred more 


severely than before. He was hospitalized once again and treated with bland diet, antacids, anti- 
spasmodics, and transfusions of whole blood. Repeat gastrointestinal x-ray series and barium 
enema showed no abnormalities. Proctoscopy also showed no abnormalities. Gastroscopic exami- 


nation showed the stomach to be full of blood, with clots adherent to the mucosa. 


The patient was transferred to this hospital for further study, with a diagnosis of hemor- 


rhagic gastritis, cause undetermined. His complaints of weakness and left upper quadrant tender- 
Physical examination was not 
Results of chest x-ray, 


ness persisted. He had lost approximately 15 Ib. (6.7 kg.). 
remarkable except for slight pallor and left upper quadrant tenderness 
urinalysis, white blood cell count, differential cell count, and serologic test for syphilis were 


normal. The red blood cell count was 4,050,000; hemoglobin, 76% (11.9 gm.), and hematocrit 


level, 40%. There was no defect in the clotting mechanisms of the blood, and examination of 


the bone marrow showed no abnormalities. The serum calcium was 10.2 mg. per 100 ml., inor- 


ganic phosphorus 4.8 mg. per 100 ml. and alkaline phosphatase 4 units. Several estimations of 


the serum protein and of the albumin:globulin ratio were within normal limits. An electro- 
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phoretic pattern was normal, revealing no increase in the serum globulin. Results of gastro- 
intestinal studies, barium enema examination, proctoscopy, and esophagoscopy were normal 
Gastroscopy showed changes suggesting mild atrophic gastritis. Biopsy of the gastric mucosa by 
the vacuum tube technique was interpreted as showing no abrormalities. An Einhorn “string 
test” indicated that the bleeding source was in the stomach. Gastric analysis revealed normal 
free and total acid before and after a test meal. A Hollander test was normal. X-ray survey 
of the skeleton revealed no bone lesions. 

Hospital Course-—The tuberculin skin test was negative. Because of continued bleeding from 
the stomach, the patient was transferred to the surgical service, where, on Jan. 9, 1953, abdominal 
laparotomy was performed. The preoperative diagnosis was “hemorrhagic gastritis, possibly 
peptic ulcer.” At operation the gastric mucosa was found to be friable and yellowish in color ; 
it oozed considerably but no ulcer was found. A posterior gastroenterostomy and vagotomy were 


Fig. 4 (Case 2).—High power view of part of Figure 3, showing detail of one of the giant 
cells; « 660. 


performed. Postoperative course was smooth, and the patient made a rapid recovery. He 
became asymptomatic, there was no further evidence of gastrointestinal bleeding, and he returned 
to military duty 

Microscopic examination of a biopsy specimen of the stomach taken at operation showed 
multiple foci epithelioid tissue containing giant cells in the gastric mucosa. There was no 
caseation and there were no inclusion bodies. These foci were interpreted as “compatible with 
lesions of sarcoid” (Figs. 3 and 4). 

COM MEN‘ 


It is apparent that involvement of the gastric mucosa by these lesions produces 


no single clinical syndrome. No significant gastrointestinal symptoms were men- 
tioned in several of the cases reviewed. The gastric sarcoid of four of the cases was 
found in association with benign gastric ulcer, so the symptoms were presumably 


due to that condition. In one case it was seen to be associated with polypoid carci- 
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noma of the stomach. What role, if any, the granulomatous lesions played in the 
production of the ulcers and carcinoma, or vice versa, is not clear. 

Of the three cases in which hemorrhage was the chief clinical problem, one 
exhibited no demonstrable ulcer and in the second they were only small superficial 
gastric ulcerations. In the third, a typical duodenal ulcer was found, with erosion 
into the pancreaticoduodenal artery as the source of hemorrhage. Superficial gastric 
ulcerations, without clinical manifestations, were found in several other cases in 
which there was no hemorrhage. 

More typical of sarcoid, clinically, were the four cases in which pyloric stenosis 
was manifested. An important characteristic of the disease is that symptoms, when 
they occur, seem to be chiefly the result of space occupancy and interference with 
function rather than of any pathophysiological process emanating from the sarcoid 
tissue. The end result of the granulomas is often fibrosis, which continues the physi- 
cal interference with function. Obstruction of the pylorus in these patients was 
apparently the result of just such dense accumulation of sarcoid tissue. Involvement 
which is more diffuse produced the x-ray picture of linitis plastica in one case. 

In none of the cases was the presence of sarcoid or sarcoid-like granulomas 
suspected prior to microscopic examination of the gastric mucosa. The diagnosis 
of the lesions on purely clinical grounds is not possible. In none of the cases in which 
it was done was gastroscopy of any assistance. X-ray examination offered no spe- 
cific diagnostic information. 

It is of interest that in all cases except one (our Case 2) in which the degree of 
gastric acidity was determined, free gastric acid was either of very low titre or 
absent. This occurred in several different types of cases—pyloric stenosis, sus- 
pected linitis plastica, concurrent polypoid carcinoma of the stomach, and in our 
first case, in which the symptoms and signs were very vague. Whether the sarcoid 
and sarcoid-like lesions involved the gastric mucosa because of its diminished ability 
to secrete acid, or whether the acidity was decreased because of the invasion of the 
lesions is not apparent. In our first case the mucosa between the granulomatous 


foci appeared normal and was presumably capable of secreting normal gastric juice, 


but such was not the case. 

The study of these granulomas of the stomach necessarily stimulates an interest 
in other granulomas of the gastric mucosa. The more specific lesions, such as those 
produced by tuberculosis and syphilis, have assumed their logical niche in an organ- 
ized system of pathology. Cohn, White, and Weyrauch '? noted nonspecific granulo- 
matous lesions in the gastric mucosa of a patient who had taken hydrated aluminum 
silicate (kaolin) over a long period because of duodenal ulcer. They fed kaolin to 
rabbits and produced similar lesions in the gastric mucosa of those animals. There 
are several references in the literature to cases of “nonspecific granulomas” of the 
stomach. '* The exact relationship between such lesions and sarcoid and _ sarcoid- 
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like granulomas is not clear, and a study of the problem is planned for future publi- 
cation. It is again pointed out that the histologic diagnosis of sarcoidosis is often 
difficult. Its etiology remains unknown. Reimann and Price '® pointed out the simi- 


’ reported 


larity between sarcoidosis and histoplasmosis. Pinkerton and iverson * 
three fatal cases of disseminated histoplasmosis diagnosed before death and at the 
time of autopsy as sarcoidosis. [ater a review of the autopsy material revealed the 
presence of H. capsulatum (one of these three was the same case reported by 
Engle * and mentioned earlier in this paper). It is entirely possible that sarcoidosis 
as we know it is a nonspecific reaction of the body to several different etiological 
agents. Among these might be included the tubercle bacillus or an aberrant form 
thereof, H. capsulatum, Treponema pallidum, silica, beryllium, and talcum. It is 
not, however, the purpose of this paper to defend or to challenge sarcoidosis as a 
clinical and pathological entity. The 19 cases herein reviewed and the 2 new ones 
presented have been interpreted with the above considerations in mind, and it is 
believed that all fit into the pathologic category of “sarcoid or sarcoid-like granu- 
lomas.”” 
SUMMARY 

Involvement of the stomach by noncaseating sarcoid and sarcoid-like granulomas 
is not a common occurrence, and no single specific clinical syndrome stems from 
such involvement ; indeed there are no symptoms in some cases. Dense accumulation 
of these lesions at the gastric outlet can result in pyloric obstruction, just as diffuse 
involvement of the gastric mucosa may give a linitis plastica-like picture. Sarcoid 
and sarcoid-like granulomas have been seen in association with diffuse bleeding from 
the gastric mucosa, benign gastric ulcer, polypoid carcinoma of the stomach, and 
typical duodenal ulcer with hemorrhage. The exact relationship of the sarcoid and 
sarcoid-like lesions to those clinical syndromes is not clear. 

Confusion exists as to the exact place of these lesions with respect to other 
granulomatous lesions of proved etiology which may also invade the gastric mucosa, 
but it is believed that the 19 cases from the literature and the 2 new cases presented 
represent valid cases of sarcoid and sarcoid-like granulomas of the stomach. 
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E RECENTLY investigated a 27-year-old woman with an illness of 10 years’ 

duration, consisting of recurrent acute episodes of fever, marked toxic symp- 
toms, and excruciating muscular pains, associated with the exhibition of crops of 
subcutaneous lesions primarily involving the panniculus. These episodes, lasting 
from one to six months, were followed by periods of complete remission. Secondary 
causes of panniculitis were eliminated, and a thorough search for a possible etiologic 
agent was unsuccessful. The clinical impression of Weber-Christian disease was 


confirmed by tissue examination. The purpose of this report is to call attention to 


the acute variant of this syndrome and to the considerable vascular changes that 
were present. 
CASE REPORT 

IF. B., a 27-year-old white single female secretary, enjoyed good health until the age of 18, 
at which time she apparently suffered an upper respiratory infection, associated with pain in the 
right ear. Shortly after this acute pains developed in the neck, back, legs, and arms. After a 
two-week interval, the first crop of subcutaneous lesions developed, first on the hands, and, 
several days later, generalized over the legs, thighs, and abdomen. These lesions were erythema- 
tous at the onset and later became violaceous. The patient was hospitalized in December 1942, 
and a biopsy of the nodules on the hand and thigh was done. The patient stated that she was 
told that the tissue examination revealed only inflammatory changes. After a spontaneous 
remission the patient again was well for about four months 

In April 1944, after a febrile illness consisting of diffuse pains, nausea, and vomiting, with 
high fever, there was recurrence of the skin lesions. At this time the patient was given a course 
of snake venom therapy, on the assumption that the lesions were of vascular origin and were 
associated with increased vascular fragility. Because of an adverse reaction no further therapy 
was instituted, and after an illness of six months the patient had a spontaneous remission, for 
the second time 

In October 1946, following an acute upper respiratory infection, she had her third relapse 
and was again hospitalized and various forms of therapy were administered unsuccessfully. 
From January to March 1947, she was again hospitalized, at which time an additional biopsy 
was done of a lesion of the left thigh. The patient was informed that the tissues showed inflam- 
matory changes of the blood vessels. A complete allergy work-up was noncontributory. During 
this episode the patient had a continual low-grade fever and a course of typhoid therapy was 
instituted. Eventually she showed some improvement and was discharged. 

Until the onset of the patient's illness menses had been regular and normal in duration and in 
amount. The first episode followed a normal period in October 1942. After this, there were 
periods of amenorrhea lasting 12 to 15 months. In 1947 a course of hormonal therapy consisting 
of estrogens and progesterone was given, which was followed by a single menstrual period. 
Shortly afterwards there followed the fourth relapse, which lasted four weeks. 

—iceaiantitsietenee 

From the Departments of Medicine and Pathology of the Mount Sinai Hospital of Greater 

Miami. 
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The fifth relapse occurred in October 1947, again shortly after an upper respiratory infection, 
in this instance complicated by a conjunctivitis. The patient was again hospitalized, and a second 
course of typhoid vaccine and tripelennamine. (Pyribenzamine) was administered, without 
dramatic effects. Following the spontaneous remission a second course of hormonat therapy, 
plus ascorbic acid, was administered. During this course of therapy the patient suffered her 
sixth relapse. A biopsy of another lesion was performed, and apparently there was no specific 
diagnosis established, and a repeated biopsy at still another institution was not diagnostic. The 
patient was again informed that some form of collagen disease was suspected and was discharged 
to continue therapy on an ambulatory basis. Shortly thereafter, marked swelling of the joints 
of the fingers developed. The patient was then given a course of antireticular cytotoxic serum 
(ACS) over several months, with some apparent improvement. Since this single episode there 
have been no further joint complaints. The seventh relapse occurred in November 1948 after an 
upper respiratory infection. After the patient was rehospitalized, a third course of typhoid 
vaccine and tripelennamine was instituted and the process promptly subsided. 

The patient remained well until February 1951, when the eighth relapse occurred, following 
an upper respiratory infection. She was hospitalized for a 10-day course of corticotropin 
(ACTH). After her discharge, she continued to take cortisone, and in July of 1951 she again 
had a remission. 

The patient was observed by one of us (S. L.) during her ninth relapse, in Miami Beach, 
Fla. Jan. 20, 1952, one week after an upper respiratory infection. Nausea, vomiting, and diffuse 
pains in the legs, neck, and back developed. Because of the marked prostration, weakness, and 
severe pains in the extremities, a diagnosis of neurotropic virus infection was considered. The 
patient was admitted to the Mount Sinai Hospital on Jan. 22, 1952. Physical examination on 
admission revealed an acutely ill, febrile, toxic-appearing, well-developed, and well-nourished 
woman of 27. The skin revealed a reddish-blue discoloration over the right deltoid region, and 
there was an exquisitely tender ill-defined nodular mass, approximately 2 cm. in diameter, in the 
right trapezius area. There was no evidence of atrophy, scarring, excoriations, or rash. Over 
the lower abdomen and thighs there appeared to be an excessive deposition of fat, and the skin 
over this area showed red striae. There was no jaundice or petechiae present. The skull was 
symmetrical. The pupils were equal and reacted to light and in accommodation. The extraocular 
motions were normal. The nose revealed no obstruction or discharge; there was no sinus of 
mastoid tenderness. The mouth and pharynx revealed no evidence of inflammation, ulceration, 
or abnormal pigmentation. The trachea was in the midline. The thyroid was not enlarged, and 
there was no adenopathy. The chest was symmetrical, and the breasts were normal. The heart 
was not enlarged to percussion, and the heart sounds were regular and of good quality. The 
blood pressure was 120/80. There were no murmurs audible. The lungs were clear to percussion 
and auscultation. The abdomen revealed no evidence of tenderness, spasm, or masses. The liver, 
spleen, and kidneys were not palpable. Rectal and pelvic examinations revealed no abnormalities. 
The lower extremities revealed marked hyperaesthesia of the skin, with diffuse tenderness of the 
leg and thigh muscles. The reflexes were physiologic. There was no edema or clubbing. 

The initial blood count revealed a white cell count of 18,550, with 57% polymorpho 
nuclear cells, 38% lymphocytes, 3% band forms, and 2% monocytes. Platelets were present 
The red blood cell count was 4,970,000, with 12.7 gm. of hemoglobin. The urine had a specific 
gravity of 1.033, with a trace of albumin and 1 to 4 pus cells. Results of the serology studies 
were negative. The prothrombin time was 15 seconds; the control was 14 seconds. The clotting 
time (Lee-White) was 8 minutes, and clot retraction was normal. The total protein was 6.63 
gm. per 100 cc. The albumin was 4.38 gm. and the globulin 2.25 gm. per 100 cc. The van den 
Bergh test showed 0.69 mg. bilirubin per 100 cc. The urea nitrogen was 15.4 mg. per 100 cc. The 
cephalin flocculation test, both at 24 and at 48 hours, was negative. The total cholesterol was 
213 mg. and the cholesterol ester was 159 mg. per 100 cc. The electrocardiogram was within 
normai limits. 


Following admission the patient was acutely ill with marked prostration, complaining of 


severe pains in the extremities, back, and neck. The disease ran a febrile course, with daily 


temperature elevation up to 101 F. rectally. During this period new skin lesions developed over 
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Fig. 1.—A, subcutaneous fat tissue, showing irregularity and collapse of fat cells, with granu- 
larity and fraying of septa and infiltration of small macrophages. Hematoxylin and eosin stain; 
x 68. B, the same; x 456. 
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Fig. 2.—A, subcutaneous fat tissue, showing large fat spaces, with an infiltration of red cells. 
Hematoxylin and eosin stain; « 85. 8, subcutaneous fat tissue, showing large lipid-containing 
macrophages. Hematoxylin and eosin stain; « 200. 
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the abdomen and thighs and one developed in the breast. The patient was started on antibiotic 
therapy, chloramphenicol (Chloromycetin) 250 mg. every three hours. In addition she was given 
cortisone, 200 mg. per day, and ascorbic acid, 1,000 mg. per day. Although the temperature 


returned to normal, nodules continued to appear in crops, associated each time with constitutional 


Fig. 3.—A, derma, showing irregularity of staining of collagen. A venule is seen, with degen- 
eration of the wall and moderate perivascular infiltration. An arteriole is seen showing minimal 
perivascular infiltration. Hematoxylin and eosin stain; « 200. B, derma, showing degeneration 
of wall of venule, with infiltration of lymphoid cells around venule, sweat gland, and nerve fiber. 
Hematoxylin and eosin stain; © 200. 


symptoms. On the 10th hospital day, the patient was seen by the consultant in dermatology, 
Dr. Lewis Capland, who suggested the diagnosis of Weber-Christian syndrome. In view of the 
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beneficial effects on this condition reported by Arnold,! the patient was started on sulfapyridine, 
2 gm. a day. Cortisone was continued without appreciable effect for a total of 19 days in doses 
varying from 100 to 200 mg. per day. 

Despite therapy new lesions continued to appear, although at a slower rate. A skin biopsy 
was performed through a fresh lesion. Results of capillary fragility tests on two occasions 
were normal. The platelet counts were normal (250,000). The white cell count remained within 


Fig. 4.—A, subcutaneous fat, showing small artery with necrosis of one part of its wall fusing 
with altered surrounding collagen. Hematoxylin and eosin stain: « 78. B, nerve fiber, showing 
degenerative changes. Hematoxylin and eosin stain; & 200. 


normal limits after the initial leukocvtosis, and the urinary findings were normal. By the end 
of the third week there was evidence of a slow remission and the patient was discharged, to 
continue therapy on an ambulatory basis 
TTT 

1. Arnold, H. L., Jr.: Nodular Nonsuppurative Panniculitis (Weber-Christian Disease ) 
Preliminary Report of a Case Controlled by Sulfapyridine, Arch. Dermat. & Syph. 51:94-99, 
1945. 





756 A. M. A. ARCHIVES OF INTERNAL MEDICINE 


For the next five weeks sulfapyridine therapy was continued, and except for the appearance 
of one or two fresh nodules each week the patient felt fairly well. Two days after she was chilled 
in an air-conditioned room the 10th relapse developed. She became acutely ill, with severe con- 
stitutional symptoms of diffuse pains, nausea, vomiting, and dchydration, associated with the 
appearance of multiple nodules from 0.5 to 3 cm. in size. She was readmitted to Mount Sinai 
Hospital for corticotropin therapy. On this admission it was apparent that corticotropin pro 
duced a good response, and on the seventh day it was discontinued. The following day three new 
lesions appeared. On the basis of the appearance of the biopsy specimen, one of us (M. L.) sug- 
gested therapy with a peripheral vasodilator, namely benzazoline (Priscoline) hydrochloride 
25 mg. every four hours. Following this there were no new lesions and the improvement became 
obvious. This episode was the shortest in duration, despite the fact that the onset was very 
severe. Further laboratory investigation, including blood cultures, rabbit and guinea pig inocula- 
tions of blood and serum, routine agglutination studies, determination of serum protein partition, 
and determinations of Goffman body and lipid fractions, revealed no abnormalities. 

After the patient was discharged from the hospital, the nodules involuted from slightly ele- 
vated painful violaceous lesions to a more bluish color, with gradual diminution in size. One or 
two nodules remained palpable as small firm nodes, but at no time did the patient display the 
dimpling, or scooped out, saucer-like effect seen in the patients reported by Cummins? and 
others. At the time of this writing, the patient has remained well for 13 months. She has con- 
tinued on benzazoline as her only therapy. 

Pathologic Examination.—Gross Description: The specimen consisted of a segment of skin, 
measuring 4 cm. in greatest dimension, with attached underlying fat tissue extending downward 
for a distance of 4 cm. Part of the tissue was fixed in 4% formaldehyde solution, and part in 
Sections were stained with hematoxylin and eosin, Weigert’s elastic tissue 


Zenker’s solution. 
with Van Gieson’s connective tissue stain, Hortega’s reticulum stain, 


stain counterstained 
Hotchkiss’ glycoprotein stain, and Mallory’s connective tissue stain. 

Microscopic Examination: The outstanding pathologic changes were found in the subcutane- 
ous fat and, to a lesser extent, in the derma. The fat cells were often collapsed and in some 
cases were fused into larger amorphous masses (Figs. 1 and 24). The septa between the fat 
cells were irregular, in spots frayed, granular, and focally destroyed. There was a focal infil- 
tration of neutrophiles, red cells, or large and small macrophages throughout the fat tissue 
(Figs. 1B and 2). In the derma, the collagen was focally more deeply eosinophilic and swollen, 
but it was not sufficiently changed to be termed “fibrinoid degeneration” (Fig. 34). The venules 
of the corium and subcutaneous tissue showed degeneration of their walls and infiltration with 
lymphoid cells and neutrophiles (Fig. 3). A few microscopic arteries showed degeneration of 
the muscularis and the collagen of the adventitia (Fig. 4.4). There was an infiltration of neutro- 
philes and mononuclear cells around the arterioles and venules of the corium, as well as around 
the skin appendages (Fig. 38). The large microscopic arteries and veins and the epithelium 
showed no change. The nerve elements in the corium showed swelling. and vacuolization 
(Fig. 4B). 

The pathologic diagnosis was acute focal pannicular necrosis with acute venulitis and peri- 


vasculitis of the subcutaneous fat and corium. 


COM MENT 


Relapsing nodular nonsuppurative panniculitis was first described by Weber ° 
as a Clinical entity in 1925. Since then, about 60 cases have been reported. Christian * 


2. Cummins, L. J., and Lever, W. F.: Relapsing Febrile Nodular Nonsuppurative Pannicu- 
litis (Weber-Christian’s Disease) : Report of 2 Cases, Arch. Dermat. & Syph. 38:415-426, 1938. 
3. Weber, F. P.: Relapsing Non-Suppurative Nodular Panniculitis Showing Phagocytoses 
of Subcutaneous Fat Cells by Macrophages, Brit. J. Dermat. 37:301-311, 1925. 
4. Christian, H. A.: Relapsing Febrile Nodular Nonsuppurative Panniculitis, Arch. Int 


Med. 42:338-351, 1928. 
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added febrile to the descriptive title of the syndrome in 1928. Excellent reviews by 
Bendel,’ in 1949, and Shuman,® in 1951, have adequately summarized the world 
literature. 

The characteristic clinical features of Weber-Christian disease suggest a distinct 
form of panniculitis. The onset of fever, with temperature elevation up to 101 to 
103 F., or even higher, and severe constitutional symptoms, followed by the appear- 
ance of crops of painful subcutaneous nodules on the arms, breasts, abdominal wall, 
thighs, and legs, occurring in episodic manner with intervening periods of complete 
remission, lead to the diagnosis. The nodules first appear as subcutaneous swellings 
of varying size. These swellings gradually become more discrete, the overlying skin 
becoming first reddened and then a deeper, more violaceous color. Ulceration of the 
skin is rare. Larger nodules of a more chronic nature result in atrophy of the fat, 
causing a saucer-like appearance, or “dimpling.” In Weber’s* case and in other 


typical reported cases,’ as well as in ours, there was no evidence of atrophy on 


healing of the nodules. 

The differential diagnosis of Weber-Christian disease from other forms of 
panniculitis secondary to local injury to the panniculus, acute sepsis, sclerosing 
lymphogranuloma, fat necrosis of the breast,’ and the various nodular vascular 
diseases of the legs ® can usually be made by a careful clinical appraisal, whereas 
the biopsy specimen may often be indistinguishable in many of these conditions. The 
disease is rarely fatal, and in the cases in which autopsy was done '® there was 
conspicuous lack of uniformity of findings. 

The fundamental pathologic change is found in the subcutaneous adipose tissue, 
with minimal changes in the corium and epithelium. There is no known associated 
involvement of other organs in the acute process. The adipose tissue shows destruc 
tion and collapse of the fat cells, their septa usually remaining intact. There is an 
intense infiltration of mononuclear cells, lymphocytes, and macrophages, in addition 
to neutrophiles, eosinophiles, and plasma cells. The corium shows slight inflam- 


5. Bendel, W. L., Jr.: Relapsing Febrile Nodular Panniculitis (Weber-Christian Disease ) 
Review of Literature and Report of Case, Arch. Dermat. & Syph. 60:570-596, 1949. 

6. Shuman, C. R.: Relapsing Panniculitis (Weber-Christian Disease): Review of Litera- 
ture and Report of Case Including Treatment with Cortisone, A. M. A. Arch. Int. Med. 87:669- 
681, 1951. 

7. Bunnell, I. L., and Levy, D. S.: Weber-Christian’s Disease: Report of Case, Ann. Int. 
Med. 28:169-172, 1948. Rubin, S. H., and Bland, J. H.: Relapsing Febrile Non-Suppurative 
Panniculitis (Weber-Christian Disease), Am. J. Med. 7:288-292, 1949. 

8. Smetana, H. F., and Bernhard, W.: Sclerosing Lipogranuloma, Arch. Path, 50:296-325, 
1950. 

9. Montgomery, H.; O'Leary, P., and Barker, N. W.: Nodular Vascular Diseases of the 
Legs: Erythema Induratum and Allied Conditions, J. A. M. A. 128:335-341, 1945. McGovern, 
T., and Wright, I. S.: Pernio: a Vascular Disease, Am. Heart J. 22:583-606, 1941. 

10. (a) Tilden, I. L.; Gotshalk, H. C., and Avakian, E. V.: Relapsing Febrile Non-Suppura- 
tive Panniculitis: Report of 2 Cases, Arch. Dermat. & Syph. 41:681-689, 1940. (b) Miller, J. L., 
and Kritzler, R. A.: Nodular Nonsuppurative Panniculitis, ibid. 47:82-96, 1943. (c) Spain, 
D. M., and Foley, J. M.: Nonsuppurative Nodular Panniculitis (Weber-Christian’s Disease) 
Am. J. Path. 20:783-787, 1944. (d) Friedman, N. B.: Fatal Panniculitis, Arch. Path. 39:42-46, 
1945. (e) Ungar, H.: Relapsing Febrile Nodular Inflammation of Adipose Tissue (Weber- 
Christian Syndrome): Report of a Case with Autopsy, J. Path. & Bact. 58:175-185, 1946. 
(f) Mostofi, E. K., and Engleman, E.: Fatal Relapsing Febrile Nonsuppurative Panniculitis, 
Arch. Path, 43:417-426, 1947. 
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matory changes around the appendages and in the contained fat. In a minority of 
cases fibrinoid changes have been observed in the connective tissue. In the chronic 
lesions nonspecific granulomatous inflammation of fat tissue is seen. 

Vascular changes of two types have been found."' In one type the arterioles and 
venules show perivascular infiltration, with or without endothelial swelling, and 
thickening of the walls. In the other type true fibrinoid degeneration of the small 
vessel walls occurred. A scant inflammatory change around the nerves has also 
been noted. 

From the pathologic standpoint, our case falls into the pattern of an acute panni- 
culitis, with areas of pannicular necrosis, accompanied by venulitis, arteriolitis, and 
nerve degeneration. The amount of inflammatory exudate was less than that found 
in most cases of Weber-Christian disease, and the lesion showed no evidence of 
chronicity and granuloma formation."’” On the other hand, the vasculitis of the 
corium and subcutaneous tissue was more severe than that seen in most cases of 
nonsuppurative panniculitis. It is interesting to note the presence of degeneration 
of nerve endings, as seen in the biopsy specimen. Stockman ** and others previously 
described nerve involvement. This closely correlates with one of the outstanding 
clinical complaints in our case, ushering in each new episode, namely, the marked 
pain and hyperaesthesia. 

During our patient’s 10-year illness, the possibility of some form of specific 
collagen disease was considered most likely. The various biopsy studies done previ- 
ously were not available to us. Our biopsy specimen, taken through a fresh lesion, 
revealed that while both collagen and vascular involvement were present in the acute 
inflammatory process, the predominant pathologic change lay in the fat tissue. A 
plasma L. E. preparation made during a previous acute episode was reported nega- 
tive. We therefore feel that we are dealing with an acute form of Weber-Christian 
disease with vascular-collagen changes. 


A thorough search was made for a possible etiologic agent. Blood cultures were 


repeatedly negative, as in most of the reported cases. Some cases of panniculitis 
10b,d 


have been definitely associated with either localized sepsis or proved septicemia. 
In our minds, these represent a suppurative type of panniculitis which runs the 
course of the acute septic process and hence would respond to the specific anti- 
biotics.'* Duran-Reynals,'* in 1946, reported an epidemic-like disease in rabbits, 
which resembled human Weber-Christian disease. We unsuccessfully attempted to 
reproduce the disease in two rabbits and two guinea pigs by inoculation of our 
patient’s blood and serum during both the acute and the chronic phase of the disease. 
cilia 

11. (a) Alderson, H. E., and Way, S. C.: Relapsing Febrile Nonsuppurative Panniculitis 
(Weber), Arch. Dermat. & Syph. 27:440-449, 1933. (b) Gilchrist, T. C., and Ketron, L. W.: 
A Unique Case of Atrophy of the Fatty Layers of the Skin Preceded by the Ingestion of Fat 
by Large Phagocytic Cells; Macrophages, Bull. Johns Hopkins Hosp. 26:291-294, 1916. (c) 
Cummins and Lever.2, Shuman.* Tilden, Gotshalk, and Avakian.!°@ 

12. Stockman, R.: The Clinical Symptoms and Treatment of Chronic Subcutaneous Fibrosis, 
Brit. M. J. 1:352-355, 1911. 

13. Zee, M. L.: Nodular Nonsuppurative Panniculitis Treated with Penicillin, J. A. M. A. 
130: 1219-1220, 1946. 

14. Duran-Reynals, F.: A Necrotizing Disease in Rabbits Affecting Fatty and Muscular 
Tissues: Analogies with Weber-Christian Disease of Humans, Yale J. Biol. & Med. 18:583-594, 
1946. 
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Halogens were originally thought to be causative in some cases,'® bromides being 
the most often implicated. There was no history of any type of food or drug 
intolerance in our case. Allergy has been suggested as a possible cause.'* As previ- 
ous studies indicated, we found no evidence of systemic allergy. The absence of 
eosinophilia in the peripheral blood and biopsy specimen did not, however, exclude 
some form of hypersensitivity reaction, as was suggested by the sequence of relapse 
following severe respiratory infections. 

Our studies of the blood lipids, including phospholipids, cholesterol and choles- 
terol esters, and Goffman bodies, gave results which were within the normal range, 
as is consistent with other reported studies. This would not indicate that there was 
a basic metabolic disorder of fat.’ The results of our studies of the liver, the serum 
protein fractions, and the alpha, beta, and gamma globulin, were all normal. 

The clinical pattern suggested possible embolic or thrombotic lesions in the 
was excluded 


18 


panniculus. The possibility of thrombocytic acroangiothrombosis 
by the absence of vascular thrombi histologically and the normal platelet counts. 
The normal bleeding and clotting mechanism and normal capillary fragility, as well 
as reported bone marrow studies, served to exclude the hemopoetic system. 


Various therapeutic agents have been reported as helpful, but none consistently. 


In reported cases patients with Weber-Christian disease have responded to sulfa- 


pyridine and to penicillin. Our patient was treated liberally with various antibiotics 
with no effect and was maintained on sulfapyridine, during which time an acute 
exacerbation occurred, Large amounts of ascorbic acid were administered without 
any appreciable effect. She previously had been treated with both cortisone and 
corticotropin with equivocal results. In our hands, however, corticotropin produced 
a beneficial effect, which was more evident than with cortisone. We also adminis 
tered the vasodilator benzazoline, 25 mg. every four hours, because of the vascular 
changes noted histologically. No lesions occurred after this administration. This 
may be a purely fortuitous coincidence. It is, however, possible that in some cases 
a favorable result may be obtained by the use of corticotropin with or without a 
vasodilator. 
SUMMARY 

A case of acute relapsing panniculitis of 10 years’ duration is presented. An 
unsuccessful search for an etiologic agent was made. It is suggested, on the basis 
of biopsy and clinical studies, that this case represents an acute variant of Weber- 
Christian disease with vascular-collagen changes. Treatment with corticotropin 
(ACTH) with or without a vasodilator may be of benefit in cases of this type. 
a 

15. (a) Charache, H.: Relapsing Febrile Nodular Nonsuppurative Panniculitis (Weber- 
Christian Syndrome), New York J. Med. 52:1133-1136, 1952. (b) Bailey, R. J.: Relapsing 
Febrile Nodular Nonsuppurative Panniculitis (Weber-Christian Disease), J. A. M. A. 109:1419- 
1425, 1937. 

16. Eisaman, J. L., and Schneider, L. A Nodular Nonsuppurative Panniculitis (Weber- 
Christian Disease), J. A. M. A. 146:1417-1418, 1951. Shuman.® Bailey.15» 

17. Wells, H. G.: Adipose Tissue: A Neglected Subject, J. A. M. A. 1214:2177, 1940. 
Wertheimer, E., and Shapiro, B.: The Physiology of Adipose Tissue, Physiol. Rev. 28:451- 
464, 1948. Shuman.® 

18. Tacket, H. S., and Jones, R. S.: Thrombocytic Acroangiothrombosis. Febrile Anemia: 
Thrombocytopenia; and Thromboses of Damaged Capillaries and Arterioles, Circulation 5:920- 


926, 1952. 





ACUTE ABDOMINAL CONDITION DUE TO BISHYDROXYCOUMARIN 
(DICUMAROL) POISONING 


SIDNEY N. MENDELSOHN, M.D. 
AND 


ARNOLD IGLAUER, M.D. 
CINCINNATI 


*TRHE NUMBER and variety of the complications as a result of bishydroxy- 
coumarin (Dicumarol) intoxication, or poisoning, are of staggering propor- 
tions. A review of the literature leads one to conclude that in this drug one is deal- 
ing with a truly fine pharmaceutical too! but one that without proper surveillance 
may easily become a lethal weapon. In the report of a fatal case of bishydroxycou- 
marin poisoning Duff and Shull" state succinctly : 
The most important of all contraindications to the use of dicumarol® is lack of reliable 


laboratory facilities for prothrombin determinations. Employment of this beneficial drug 
without laboratory control is hazardous and may result in fatal widespread hemorrhage. 


Aggeler * has collected and tabulated from the American literature the number 
of hemorrhagic complications following bishydroxycoumarin therapy up to 1946. 
He reports that of a total of 1,471 patients treated with the drug hemorrhagic com- 
plications developed in 123 (8.3%). There were five deaths (0.34%) among those 
treated, in which bishydroxycoumarin therapy was definitely implicated. Others ° 
reviewing large series of cases report bleeding of varying degree of 6.4%, with 
maior bleeding from the gastroenteric tract in 1.8% of cases. 

The histopathologic findings and changes in such cases of overdosage of the 
drug are held chiefly due to serious damage to blood vessels and hemorrhages into 
various organs and tissues. Bingham and his associates * report that in animals 


dying acutely after the administration of massive doses of bishydroxycoumarin the 


histologic picture is one of dilatation of the capillaries and of the small arteries and 
veins. This observation is confirmed by Shlevin and Lederer.® 

In the voluminous literature there are reported various types of bleedings, many 
of a bizarre and unique character, with interspersed instances of intraperitoneal 


From the Departments of Surgery and Internal Medicine, The Jewish Hospital. 

1. Duff, I. F., and Shull, W. H.: Fatal Hemorrhage in Dicumarol Poisoning: With 
Report of Necropsy, J. A. M. A. 139:762-766 (March 19) 1949. 

2. Aggeler, P.: Heparin and Dicumarol—Anticoagulants: Their Prophylactic and 
Therapeutic Uses, California Med. 64:71, 1946. 

3. Allen, E. V.; Hines, E. A., Jr.; Kvale, W. F., and Barker, N. W.: The Use of 
Dicumarol as an Anticoagulant: Experience in 2,307 Cases, Ann. Int. Med. 27:371-381 (Sept.) 
1947. 

4. Bingham, J. B.; Meyer, O. O., and Pohle, F. J.: Studies on the Hemorrhagic Agent, 
3, 3’-methylenebis (4-hydroxycoumarin): I. Its Effect on the Prothrombin and Coagulation 
Time of the Blood of Dogs and Humans, Am. J. M. Sc. 202:563-578 (Oct.) 1941. McCarter, 
J. C.; Bingham, J. B., and Meyer, O. O.: Studies on the Hemorrhagic Agent, 3, 3’-methylenebis 
(4-hydroxycoumarin): IV. The Pathologic Findings After the Administration of Dicumarol, 
Am. J. Path. 20:651-659 (May) 1944. 

5. Shlevin, E. L., and Lederer, M.: Uncontrollable Hemorrhage After Dicoumarol Therapy 
with Autopsy Findings, Ann. Int. Med. 21:332-342 (Aug.) 1944. 
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hemorrhage. However, we do not feel that the picture of such bleeding masquerad 
ing in the guise of an acute abdominal condition has been forcefully brought to the 


attention of the medical profession. Recently we have encountered two such instances 
which impel us to report this deceptive abdominal complication. 


Case 1.—M. F., a 64-year-old white man, had a “thrombophlebitis some years ago,” and in 
December 1951 repeated pulmonary emboli developed, at which time bishydroxycoumarin 
therapy was started. It was known that on March 31, 1952, he had a prothrombin level of 
%, 45 seconds, and that he was symptomless at that time. The dose was reduced from 75 
mg. to 50 mg. per day. 

On April 4, 1952, he experienced abdominal cramps and failure to move his bowels or 
pass gas. Although symptoms persisted, he did not consult his physician until two days 
later. At that time, examination revealed the patient to be pale and anxious. Blood pressure 
was 120/80, with a pulse rate of 120. There was right shoulder pain, hiccup, and pain on deep 
inspiration. The abdomen was tender and distended, with no audible peristalsis. The urine 
was grossly bloody. Synkavite, a water-soluble vitamin K analogue, was given intravenously 
at once in dosage of 75 mg., and the patient was taken to the hospital. At the hospital 1 
unit of plasma was administered plus 500 mg. of vitamin K, intramuscularly and 500 mg 
orally. 

A flat plate of the abdomen revealed dilated loops of small bowel; no free air was seen 
Because of the increasing abdominal distention and accompanying vomiting, surgical consulta 
tion was held and passage of a Cantor tube recommended 

On April 8, the abdomen was still distended and tender and there was rebound tenderness 
The Cantor tube had progressed 5 to 6 feet (150 to 180 em.). Frank hematuria was still 
present. 

Because of x-rays now consistent with small bowel obstruction (according to the x-ray 
report on April 9, “the persistent distention [four days] of what appears to be the same 
small bowel loops over a period of four days with absence of any appreciable amount of gas 
in the colon lends support to a clinical diagnosis of mechanical obstruction”) together with 
physical signs compatible with this diagnosis, operative intervention was advised. The pro- 
thrombin at this time was at a safe level for surgery 

Exploratory laparotomy was therefore performed on April 10, 1952. The operative note 
records that between 250 and 500 cc. of unclotted blood was found in the peritoneal cavity 
The entire serosa of the small bowel was hemorrhagic. Oozing was seen from the small 
bowel mesentery at one point, and this was controlled with moist hot laparotomy pads 
No obstruction was found. 

Case 2.—Mrs. I. C., a 44-year-old (quintipara) housewife, was admitted to the hospital 
on the evening of Nov. 11, 1952, because of right lower quadrant pain, vomiting, and obstipa 
tion. The pain had originated at 2:30 a. m. of the day of admission, was at first epigastric, 
and became residual in the right lower quadrant. The past history revealed hospital 
admissions for rheumatic fever and congestive failure and numerous admissions for pul- 
monary infarction. Owing to the heart condition a tubal ligation and interruption of tubal 
pregnancy had been performed four years previously at another institution, but incidental 
appendectomy had not been done. The patient was being treated with bishydroxycoumarin at 
home and was told to report to the outpatient dispensary weekly for prothrombin determina- 
tions. However, since she attached no particular importance to these weekly tests, she had 
failed to return to the clinic for the month prior to the present illness. 

Examination revealed the patient to be acutely ill. The abdomen was diffusely tender, 
with maximum tenderness in the right lower quadrant. There was considerable right rectus 
muscle spasm, with splinting and rebound tenderness. There was no shoulder pain. Vaginal 
and rectal examinations revealed essentially normal conditions except for tenderness. 
ails 

6. Lilly, G. D., and Lee, R. M.: Complications of Anticoagulant Therapy, Surgery 26: 
957-969 (Dec.) 1949. Applebaum, I. L., and Shulman, P.: Dicumarol Poisoning: Report of 
a Case, J. M. Soc. New Jersey 46:28-30 (Jan.) 1949. Thorsén, G.: Dicoumarol Poisoning with 
Relapse: Report of a Case, Lancet 2:420-422 (Sept. 20) 1947. 
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The temperature was 99.8 F., and the pulse rate 90. Laboratory findings were as follows: 
the white blood cell count was 12,600, with 81% polymorphonuclear leucocytes. The hemo- 
globin was 14.5 gm., the red blood cell count 4,100,000, and prothrombin level reported as zero. 
The urine was dark amber, with a specific gravity of 1.028 and a reaction for sugar of 1 4-; 
tests were positive for acetone and negative for albumin and there were occasional red blood 
and pus cells. Serum amylase was 225 Somogyi units. An flat x-ray of the abdomen revealed 
several loops of small bowel filled with air, stool in the colon, and no renal stone. 

Several diagnoses were entertained, namely, acute appendicitis, partial intestinal obstruc- 
tion, and possible intraperitoneal hemorrhage due to bishydroxycoumarin poisoning. 

Vitamin K;, 100 mg., was administered intravenously, and 1 unit of blood was secured. 

In order to establish accurately a diagnosis of intraperitoneal hemorrhage due to bishydroxy- 
coumarin poisoning as rapidly as possible, it was decided to use a technique frequently used in 
the determination of obscure and questionable cases of ruptured ectopic pregnancy, namely 
cul-de-sac puncture and aspiration. This was done the evening of admission, and liquid blood 
was withdrawn, thus conclusively demonstrating the diagnosis of free blood in the peritoneal 
cavity. Symptoms cleared without further therapy. 


SUMMARY AND CONCLUSIONS 


Two cases are reported of bishydroxycoumarin (Dicumarol) poisoning, in 
which the predominant early clinical findings were those of an acute abdominal 


condition. 

In one instance either the clinician failed to impress the patient with the impor- 
tance of returning at regular intervals for prothrombin determinations or else the 
patient’s low mentality should have warned against such reliance being placed 


upon her. 
In cases of suspected hemoperitoneum due to bishydroxycoumarin intoxication 


immediate prothrombin levels should, of course, be ascertained. Cul-de-sac aspira- 


tion in addition offers a simple method of corroborating the diagnosis. 





News and Comment 


ANNOUNCEMENTS 


Award for Outstanding Research in the Field of Sterility for the Year 1954. 
The American Society for the Study of Sterility announces the opening of the 1954 contest for 
the outstanding contribution to the subject of infertility and sterility. The winner will receive 
a cash award of $1,000, and the essay will appear on the program of the 1954 meeting of the 
Society. Essays submitted in this competition must be received not later than March 1, 1954 

For full particulars concerning requirements of this competition, address The American 
Society for the Study of Sterility, % Dr. Herbert H. Thomas, Secretary, 920 S. 19th St., 


Birmingham, Ala. 


Second Annual Cancer Seminar.—Edward H. Bergman, M.D., Chairman ot the Arizona 
Division of the American Cancer Society, announces the dates of the Second Annual Cancer 
Seminar, to be presented Jan. 14, 15, and 16, 1954, at Phoenix, Ariz 

Paradise Inn will again be headquarters, with all sessions held in the convention hall 
Registrants will be housed at the Inn or at other adjoining resort hotels in the Camelback 
Mountain area 

The program is planned as a series of panel discussions by noted specialists. Topics to be 
presented are “Recent Advances in Cancer Therapy,” “Neoplasms of the Central Nervous 
System,” “Carcinoma of the Cervix,” “Carcinoma of the Breast,” “Exfoliative Cytology,” 
“Surgical Methods for Relief of Intractable Pain,’ “Carcinoma of the Lung,” “Trends in 
Cancer Research,” “Leukemia and Lymphomas,” and “Tumors of Childhood.” 

Participating in these discussions will be Paul C. Aebersold, Ph.D., of the Atomic Energy 
Commission, Oak Ridge, Tenn., Percival Bailey, M.D., University of Illinois College of Medi- 
cine, Chicago; O. A. Brines, M.D., Wayne University College of Medicine, Detroit; Charles 
S. Cameron, M.D., Medical and Scientific Director, American Cancer Society, New York; 
Anthony Curreri, M.D., University of Wisconsin Medical School, Madison, Wis.; Michael 
DeBakey, M.D., Baylor University College of Medicine, Houston, Texas; L. H. Garland, 
M.D., Stanford University School of Medicine, San Francisco; K. S. Gurdjian, M.D., Wayne 
University College of Medicine, Detroit; Joe Vincent Meigs, M.D., Harvard Medical School, 
3oston; Eugene P. Pendergrass, M.D., University of Pennsylvania School of Medicine, Phila- 
delphia; Orvar Swenson, M.D., Tufts College Medical School, Boston, and David A. Wood, 
M.))., Director of the Cancer Research Institute, San Francisco. 

Arizona men, serving as Moderators, will be Drs. Ralph Fuller, Edward M. Hayden, and 
Hugh Thompson, all of Tucson, and Preston T. Brown, John A. Ejisenbeiss, Douglas Gain, 
John R. Green, D. W. Melick, and O. O. Williams, of Phoenix. 

For reservations write to the Arizona Division, American Cancer Society, 1429 N. 1 St., 
Phoenix, Ariz 


PERSONAL NEWS 


Dr. Daft Appointed Director of National Institute of Arthritis and Metabolic 
Diseases.—The appointment of Dr. Floyd S. Daft as Director of the National Institute of 
Arthritis and Metabolic Diseases, National Institutes of Health, was announced today by Dr 
Leonard A. Scheele, Surgeon General of the Public Health Service, Department of Health, 
Education, and Welfare. 

Dr. Daft, Acting Director of the Institute since the resignation of Dr. Russell M. Wilder 
last June, had been Assistant Director and Chief of Laboratory Research since 1951. He has 
been a member of the scientific staff of the National Institutes of Health, principal research arm 
of the Public Health Service, since 1937. He has directed and conducted nutrition studies, 
particularly on the B vitamins, and his investigations have contributed importantly to the 


763 





764 A. M. A. ARCHIVES OF INTERNAL MEDICINE 


understanding of dietary deficiencies causing anemia, cirrhosis cf the liver, and other metabolic 
diseases. He was a pioneer in the study of an unidentified substance later shown to be folic acid, 
a vitamin used widely today in the treatment of blood disorders 

Before comirg to the National Institutes of Health, in 1937, Dr. Daft taught and engaged in 
research work at Harvard, Yale, the Carlsberg Laboratories, Copenhagen, Denmark, and the 
University of Rochester, Rochester, N. Y. In June, 1952, he was awarded the honorary degree 
of Doctor of Science by Simpson College, Indianola, lowa, where he earned his undergraduate 
degree in 1921. He attained his doctorate at Yale in 1926 





Books 


From the Workshop of Discoveries. By Otto Loewi. Price, $2.00. Pp. 62. University 
of Kansas Press, Lawrence, Kansas, 1953 
Delightful semipopular essays by a great scientist dealing with a variety of topics including 
his own important discoveries. The material was given as the Porter Lectures, Series 19. 
As one reads one regrets not having heard the author actually deliver these interesting and 
stimulating talks 


Physiological Foundations of Neurology and Psychiatry. By Ernst Gellhorn, M.D. 
Price, $8.50. Pp. 556. University of Minnesota Press, Minneapolis 14, 1953. 


Dr. Gellhorn’s work over a period of more than 30 years has been a major contribution 
to the delineation of some of the parameters of neurophysiologic function. In this volume of 
20 chapters, the author attempts to summarize a part of the enormous experimental data which 
have accumulated and are particularly relevant to the clinical workers in the fields of neurology 
and psychiatry. Dr. Gellhorn has drawn heavily upon the work of his own laboratories over 
the years. His many and varied interests in neurophysiology are the warp on which he weaves 
the more significant experimental evidence to substantiate the dependence of function upon the 
ordered activity of neural structures 

The book is composed of six rather distinct parts: the subjects, the mood in which they are 
treated, as well as the derivative implications have a more distinct clinical flavor than is true 
of most neurophysiologic treatises. Then too, for the clinician there is a welcome leaven of 
germane applications to the substantial substrate of academic minutiae. The result is an inter- 
esting series of essays on applied neurophysiology 

The gamut includes a survey of the intrinsic and extrinsic factors which regulate neuronal 
activity. While the treatment is condensed necessarily, it does point up some of the molar 
aspects of neuronal dependence upon the components of the internal environment. Part II is a 
review of some contributions to the physiology and pathology of movements. The discussion 
includes a résumé of the motor cortical aspects, the restitution of movements after central lesions, 
electromyography, and material relating to experimental convulsions. 

The physiology and pathology of consciousness are presented in Part III, a 47-page essay. 
Sixty pages are devoted to certain phases of the physiology of the autonomic system. Part V, 
entitled “Integrations,” is the longest essay (138 pages), and treats of such phenomena as _ the 
principles of neuroendocrine action, the physiologic basis of emotion, factors involved in con- 
ditions, and homeostasis. Part VI is called “Applications” ; it discusses some of the work which 
shows the autonomic disturbances in schizophrenia, Funkenstein’s observations, and the physio- 
logic foundation of carbon dioxide therapy. 

While this book is a worth-while compilation of some experimental aspects of behavior, it 
must be noted that the use of such terms as “foundation” and “basis” in discussing psychologic 
behavior is somewhat of an overstatement. This is particularly true of the references to the 
psychoses in which the variations from normal in physiologic responsivity are assumed to be 
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causal. Sir Charles Sherrington’s observation about the mind-brain problem still holds: 
“Physiology has not enough to offer about the brain in relation to the mind to lend the psychi- 
atrist much help.” 


The Conception of Disease: Its History, Its Versions, and Its Nature. By Walther 
Riese, M.D. Price, $3.75. Pp. 120. Philosophical Library, Inc., 15 E. 40th St., New 
York 16, 1953. 


A brief philosophical excursion as to the conception of disease. The reviewer, who has 
always had difficulty in understanding technical philosophical writing, is not quite clear with 
this book as to all the author means. For example (p. 94), “The only teleological conception of 
disease standing the test of critical reasoning is that of an inner teleological or quasipurposeful 
arrangement and organization of its constituents, 1. e., its symptoms.” 


Dermatology; Essentials of Diagnosis and Treatment. By Marion B. Sulzberger, M.D., 
professor and chairman, department of dermatology and syphilology, New York University 
Post-Graduate Medical School; director of dermatology and syphilology, Skin and Cancer 
Unit and University Hospital, New York University-Bellevue Medical Center, and Jack 
Wolf, M.D., associate professor of clinical dermatology and syphilology, New York Uni- 
versity Post-Graduate Medical School; attending dermatologist and syphilologist, Skin 
and Cancer Unit and University Hospital, New York University-Bellevue Medical Center. 
Price, $10.00. Pp. 592, with 65 illustrations. Year Book Publishers, Inc., 200 E. Illinois St., 
Chicago 11, 1952. 


This volume is a revision and expansion of “Dermatologic Therapy,” by the same authors 
It is not a dermatologic text in the true sense of the word, but a compendium on skin diseases, 
with emphasis on the principles of diagnosis and particularly on treatment. There are no chap 
ters on the anatomy or physiology of the skin, none on histology or pathology, and there is no 
bibliography. 

Almost half of the volume is devoted to the commoner skin diseases, particularly the eczema 
and acne group, fungous infections and pyodermas. A good deal of the material is a con 
densation of lectures and chapters from previous publications by the same authors. There are 
numerous good black-and-white illustrations and eight colored plates reprinted from Ctba 
Symposia. 

If there is any drawback to the volume, it lies in its verbosity. Several of the chapters could 
be condensed, particularly those dealing with measures devoted to the allergic control of patients 
with atopic dermatitis and the chapter on urticaria, which occupies 35 pages. Also, many of the 
recommendations for treatment are carried over from a former day and could well be eliminated 
because they are obsolete. One might question, for example, such recommendations as large 
doses of vitamin A for the treatment of leucopenia, or chloramphenicol in rosacea, or the need 
for detailed directions for malaria therapy in neurosyphilis. The two chapters at the end of the 
book, dealing with the principles of diagnosis and treatment of syphilis, are well done. 


The book is an excellent summary and guide for those with some basic training in 
dermatology. 


Hormonal and Neurogenic Cardiovascular Disorders: Endocrine and Neuro-Endocrine 
Factors in Pathogenesis and Treatment. By Wilhelm Raab, M.D. Price, $15.00. 
Pp. 750, with 87 illustrations. Williams & Wilkins Company, Mount Royal and Guilford 
Aves., Baltimore 2, 1953. 


The frontispiece to this book is an effective ink sketch by the author illustrating an apt 
quotation from Shakespeare’s “Macbeth.” It shows three heavy weights tugging at the heart 


—thyroid, catecholamines, and mineralocorticoids. The author's professed aim is to crusade for 


the idea that neuroendocrine and endocrine influences play a fundamental role in the origin and 
treatment of cardiovascular disorders. That he means business is documented by 3,726 refer 
ences. The book contains the mass of evidence in a heavy style, of unduly long sentences, 


“ 


unrelieved by the “skill and sparkle” promised in the publisher’s blurb. 
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The first part deals 


As to the contents, they suffice for several crusades for the basic idea. 
It is a thorough 


with experimental cardiovascular effects of hormones and neurohormones. 
review of the complex interrelations between circulatory hormones, electrolytes, myocardial and 


vascular function, and cardiovascular morphology. The thesis is well supported that the sodium 


concentration in the muscle cells of the circulatory system determines their maximal contractile 


power to adequate stimuli. The concentration of sodium is in turn regulated by adrenal hor- 


mones. An excellent synopsis summarizes the fact and hypotheses. 

The second part of the book is dedicated to the cardiovascular aspects of endocrine and 
These include all the diseases characterized by hyperfunction or 
It is very questionable whether any useful 


neuroendocrine syndromes. 
hypofunction of the various endocrine glands 
scientific or literary purpose is served by rehashing the symptoms, diagnosis, and treatment of 


these diseases in a discussion supposedly devoted to their cardiovascular features. The net 


result is a diffuse melange in which the worthwhile contribution of the author is lost in a maze 
of dull text-book description. 

The hypertension of adrenal syndromes is ascribed to exaggerated cardiovascular muscle 
contraction due to varying combinations of increased intracellular sodium (mineralocorticoid 
effect) and the membrane depolarizing effect of the catecholamines, epinephrine, or arterenol 
(nor-epinephrine). The cardiovascular manifestations of hyperthyroidism are attributed to the 
potentiation of the catecholamines by thyroid hormone. Similarly, the cardiovascular compli- 
cations in pregnancy result from a hormonally induced chemical and electrophysical burden upon 
the cardiovascular muscle cells. 

The third part of the volume covers the endocrine and neuroendocrine factors in cardio- 
arteriosclerosis, hypertension, shock, angina pectoris, myocardial necrosis, 


vascular syndromes 
This section emphasizes and reempha- 


uremia, thiamine deficiency, congestive heart failure, etc. 
sizes the author’s credo: 1. Epinephrine and arterenol are potent metabolic agents that cause 
wasteful oxygen consumption by the myocardium and, ultimately, myocardial hypoxia and angina 
pectoris unless properly antagonized by vagal neurosecretion. 2. Thyroid hormone intensifies 
the metabolic and dynamic effects of the sympathomimetic amines. 3. The adrenal mineralocorti- 
coids are injurious to cardiovascular tissue unless properly balanced by glucocorticoids. The 
former also determine the pressor action of catecholamines by their effect on electrolyte distri- 
bution in body fluids and on the membrane potential of contractile cells. 4. Cardiac hypertrophy 
and failure may result directly from hormonal metabolic effects upon the myocardium inde- 
pendent of mechanical work against increased peripheral resistance. 

Congestive heart failure is not directly related to the sympathomimetic catecholamines except 
when associated with hypertension, beriberi, or uremia. However, the metabolic oxygen wastage 
of the myocardium corresponds to an unbalanced catecholamine effect. The general and myo- 
cardial electrolyte imbalance is attributed in large part to increased adrenal mineralocorticoids. 
The latter is considered a causal factor in heart failure. The role of the sympathetic system and 
its hormones in the induction of acute pulmonary edema is stressed. Treatment by sympathec- 
tomy, thyroidectomy, or inactivation of the thyroid by and adrenalectomy thus has a physiological 
basis. 

The synopsis of this third section is full of question marks indicating the admittedly speculative 
nature of the interpretations based on inadequate evidence. These honest doubts are not so clearly 
indicated in the many pages of preceding text. 

For his strong views, the author “expects to be branded as a hormonomaniac.” His heavy 
reliance upon rather nonspecific methods for quantitation of catecholamines in body fluids and 
tissues weakens the foundations of his universal thesis. However, he presents much vasoendo- 
crine food for thought, particularly in his discussion of the pathogenesis of “essential” hyper- 
tension and the therapeutic response to dietary sodium restriction. His enthusiasm for x-ray 
irradiation of the adrenals and other methods of treatment for angina pectoris is not surprising 
in view of the power of his faith in the logic of his theory. But a well-controlled study is still 
lacking to establish the basic assumption on which the logical structure is reared. The author 


is certainly not at his best in evaluating therapeutic results. ; 
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instance, Humphreys e¢ al. found that while 78.4 
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A RELIABLE CRITERION- Regardless of severity or 
previous nitroglycerin requirement, Plotz* found 
that Peritrate decreased the number of attacks in 
approximately 80 per cent of his patients and 
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seems “specific” for angina pectoris, is virtually 
ineffective in angina-like chest pains of other 
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chest pain improved compared with 4 out of 
every 5 verified cases of angina pectoris'* in 


in angina pectoris 


which Peritrate produced 
* fewer attacks of angina pectoris and/or 


* reduction in the severity of those attacks 
which were not prevented. 


Since Peritrate must be taken on a daily schedule 
patients with occasional mild attacks are best 
treated with short-acting nitroglycerin. 


FOR EFFECTIVE PROPHYLACTIC MANAGEMENT 
A long-lasting coronary vasodilator, Peritrate 
provides prophylactic action for 4 to 5 hours 
Administration must be maintained on a con 
tinuing daily schedule — usually one tablet 3 or 
i times daily. Some patients require a 2-tablet 
dose. Peritrate is available in 10 mg. tablets in 
bottles of 100, 500 and 5000 
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overcomes stasis 


“’, the best bile salt to use .. . would be the one that produced 
the most copious flow of secretion from the liver. . . . In short, 
hydrocholeresis would be advantageous, if achievable. 


“It is. The preparation, dehydrocholic acid, commercially 
available as Decholin does considerably increase the volume 
output of a bile of relatively high water content and low 
viscosity. The drug is not a cholagogue, i.e., it does not promote 


. 99 


evacuation of the gallbladder, but it is a good ‘flusher’.’’* 


Decholin 


dehydrocholic acid, Ames 


Hydrocholeresis with Decholin produces abundant, 
thin, free-flowing bile—“therapeutic bile.” This 
4 flushes thickened bile, mucus plugs and debris 
from the biliary tract. 
Decholin Tablets, 3%4 gr. (0.25 Gm.), bottles of 100, 500, 1000 
and 5000. 
Decholin Sodium (sodium dehydrocholate, Ames) 20% aque- 
ous solution, ampuls of 3 cc., 5 cc., and 10 cc 


*Beckman, H.: Pharmacology in Clinical Practice, 
Philadelphia, W. B. Saunders Company, 1952, p. 361. 
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of Pyribenzamine, demonstrated 
in thousands of reported cases: 
Prompt and prolonged relief of 
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